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OBJECTS. 

The  ohfeeU  of  the  Manchesieb  GsoLoeiCAL  Socibit  are  the 
eoUeetion  and  diffusion  of  Praetieal  and  Theoretical  Knowledge 
reepeeting  Oeology  and  Mining.  In  furtherance  of  euch  ohfecte, 
original  Papers  on  Geology  and  Mining  eubjecte — either  written  by 
the  memhere  of  the  Society,  or  eommunicated  to  the  Society  through  a 
member,  on  behalf  of  the  authore — ehatt  be  read  and  discuseed  at  iu 
meetings,  and  if  judged  to  be  of  sufficient  interest,  shall  be  printed  at 
the  expense  of  the  Society,  in  its  Transactions. 


I.— The  Society  consists  of  Ordinary,  Life,  Honorary,  and 
Corresponding  Members. 

II. — Every  candidate  for  admission  into  the  Society  as  an 
ordinary  member,  must  be  proposed  by  two  or  more  members,  who 
must  sign  a  certificate  in  recommendation  of  him,  setting  forth  the 
name,  description,  and  place  of  residence  of  the  candidate. 

III. — The  certificate,  when  duly  filled  up,  shall  be  read  aloud 
at  the  next  ordinary  meeting  of  the  Society  ;  and  the  election  of 
the  candidate  shall  forthwith  be  decided  by  a  majority  of  votes. 

lY. — The  Secretaries  shall  address  to  every  person  elected  a 
member,  a  notification  of  such  election,  with  a  copy  of  the  printed 
Bules  and  Bye-laws  of  the  Society. 

Y. — No  person  elected  a  member  shall  be  entitled  to  exercise 
any  privilege  as  such,  until  he  shall  have  paid  his  annual 
subscription,  or  the  composition  in   lieu  thereof. 
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YI. — ^The  annual  subscription  to  be  paid  bj  ordinary  members 
shall  be  twenty  shillings,  due  on  each  sucoessiye  first  day  of 
October,  and  payable  in  advance  for  the  current  year,  and  shall  be 
a  debt  due  to  and  recoverable  as  such  by  the  Treasurer  for  the 
time  being. 

Vil. — ^Members  joining  the  Society  on  or  after  the  first  day 
of  April  in  any  year,  shall  pay  the  sum  of  ten  shillings  as  the 
subscription  for  the  current  year. 

YIII. — ^An  ordinary  member  may,  at  his  election,  or  any  future 
period,  become  a  life  member  by  compounding  for  future  annual 
subscriptions,  including  that  of  the  current  year,  by  the  payment 
of  ten  pounds.  If  he  has  already  paid  the  subscription  for  the 
current  year,  or  any  part  of  it,  such  payment  shall  be  allowed  in 
part  of  his  composition. 

IX. — ^The  payment  by  an  ordinary  or  life  member,  of  the 
subscription,  or  the  composition  in  lieu  thereof,  shall  imply  the 
acquiesence  of  such  member  in  the  Kules  and  Regulations  of  the 
Society,  and  shall  entitle  him  (so  long  as  no  subscriptions  remain 
unpaid)  to  admission  to  the  meetings  of  the  Society,  the  use  of  the 
Library,  and  to  one  copy  of  each  of  the  Transactions,  and  of  any 
other  publications  the  Society  may  print. 

X. — Individuals  distinguished  for  their  Geological  or  Mining 
reseaches,  for  their  liberality  to  the  Society,  or  for  their  connexion 
with  other  Societies,  may,  on  the  recommendation  of  the 
Council,  be  elected  honorary  or  corresponding  members  of  this 
Society  at  any  ordinary  or  general  meeting.  But  such  honorary  or 
corresponding  members  shall  have  no  vote  in  the  affairs  of  the 
Society. 

XI. — Any  member  may  withdraw  from  the  Society  by 
signifying  his  wish  to  do  so,  by  letter  under  his  hand,  to  the 
Secretaries,  at  the  apartments  of  the  Society ;  provided  always, 
that  such  member  shall  be  liable  for  the  subscription  for  the  whole 
year  wherein  he  signifies  his  wish  to  withdraw ;  and  shall  continue 
liable  to  fhture  annual  subscriptions  until  he  have  discharged  aU 
sums  due  firom  him  to  the  Society,  and  returned  all  books  and 
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other  property,  if  any,  in  his  custody,  belonging  to  the  Society ; 
or  shall  haye  made  full  compensation  for  the  same  if  lost  or  not 
forthcoming  after  two  months'  notice  from  the  Secretaries. 

Xn. — As  soon  as  any  member  has  let  his  subscriptions  fall  two 
years  in  arrear,  the  Secretary  shall  notify  the  fact  to  him,  and 
require  him  to  pay  what  is  due  within  one  month.  In  case  of 
non-compliance  with  such  request,  the  Council  may  determine  the 
membership  of  the  defaulter. 

XIII. — An  annual  meeting  of  the  Society  shall  be  held  in  the 
month  of  October,  for  the  purpose  of  electing  the  officers  for  the 
current  year,  receiying  the  Annual  Report  of  the  Council,  together 
with  an  Audited  Statement  of  the  Receipts  and  Expenditure  of 
the  last  year,  and  transacting  the  general  affairs  of  the  Society. 
At  this  meeting  any  member  may  question  the  Council  upon  any 
matter  contained  in  such  report,  and  comment  thereon,  and  on  any 
other  matters  of  which  notice  in  writing  had  been  previously  given 
to  the  Council,  relating  to  the  affairs  of  the  Society,  as  to  him 
may  appear  proper. 

XTV. — Ordinary  meetings  of  the  Society  shall  be  held  once,  at 
least,  in  every  month,  from  October  to  June,  inclusive,  at  such 
time  as  the  Council  shall  appoint.  Each  member  shall  have  the 
power  to  introduce  visitors  to  the  meetings,  on  entering  their 
names  in  a  book  to  be  kept  for  that  purpose. 

XY. — Ordinary  meetings  may  be  held  in  other  localities  than 
Manchester,  according  to  the  pleasure  of  the  Society,  to  be  deter- 
mined at  a  previous  meeting. 

XVI. — Circulars  announcing  meetings  of  the  Society,  or  of  the 
Council,  shall  be  sent,  firee  of  postage,  to  the  respective  members 
of  those  bodies,  at  least  three  days  before  such  meeting. 

XVII. — Special  general  meetbgs  may  be  summoned  by  the 
Council,  or  by  the  Secretaries,  on  the  requisition,  in  writing,  of 
any  six  members  of  the  Society,  by  notice  delivered  free,  or  sent 
by  post,  pre-paid,  to  all  the  members  whose  addresses  are  known, 
not  less  than  one  week,  nor  more  than  a  fortnight,  before  any 
such  meetings.    Such  notice  shall  state  the  time  and  place  of 
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holding  the  meeting,  and  the  specific  puxposes  for  which  it  is 
convened ;  and  the  business  of  such  meeting  shall  be  restricted  to 
such  purposes. 

XYIII. — At  the  hour  appointed  for  a  meeting  of  the  Society  or 
Council,  the  chair  shall  be  taken  by  the  President,  or  the  senior 
Vice- President  present,  and  in  their  absence  the  meeting  shall, 
previously  to  entering  upon  any  other  business,  elect  some  member 
present  to  be  Chairman. 

XIX. — All  questions  discussed  at  any  such  meeting,  except  as 
otherwise  provided,  shall  be  decided  by  a  majority  of  votes ;  and 
if  upon  any  question  the  votes  shall  be  equal,  the  Chairman  of  the 
meeting  shall  have  a  second  vote  as  a  casting  vote. 

XX. — No  business  shall  be  done  at  any  such  ordinary  or  special 
meeting  unless  when  five  members  at  least  are  present,  except 
that  any  number  of  members  who  may  be  present,  not  being 
less  than  two,  may  adjourn  the  meeting  to  a  future  day,  such 
adjourned  meeting  to  be  summoned  in  the  same  manner  as  the 
original  meeting. 

XXI. — A  President,  four  Vice-Presidents,  two  Honorary  Secre- 
taries, and  a  Treasurer,  shall  be  elected  at  each  annual  meeting ; 
and  the  foregoing,  together  with  twelve  ordinary  members,  to  be 
elected  at  the  same  time,  shall  form  the  Council  of  the  Society, 
and  shall  have  the  management  of  its  affairs,  except  as  is  other- 
wise provided  by  these  Kules;  and  at  the  same  meeting  two 
Auditors  shall  be  elected  for  the  year  ensuing.  These  elections 
shall  be  by  ballot.  In  addition  to  the  four  Vice-Presidents 
annually  elected,  the  Ex-Presidents  shall  be  ex  post  officio,  Vice- 
Presidents  of  the  Society. 

XXII. — Any  member  who  has  been  for  six  months  a  member 
of  the  Society,  and  whose  subscription  is  not  in  arrear,  shall  be 
eligible  to  be  elected  an  officer  or  member  of  the  Council. 

XXIII. — In  the  event  of  any  vacancy  occurring  during  the 
year  in  the  Officers  or  Council,  the  same  shall  be  filled  up  by  the 
Council. 

XXIV. — ^The  President  shall  not  be  eligible  for  that  office  for 
more  than  two  years  in  succession ;  and  the  two  Vice-Presidents, 
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and  the  four  members  of  the  Council  who  shall  have  attended  the 
meetings  of  Council  the  least  number  of  times,  shall  be  ineligible 
to  the  same  office  for  the  ensuing  year. 

XXV. — ^The  Council  shall  have  power  to  make  Bye-laws  and 
Begulations,  in  accordance  with  the  general  Rules  of  the  Society, 
to  appoint,  suspend,  or  dismiss  salaried  agents,  clerks,  or  servants ; 
to  purchase  and  collect  books,  maps,  models,  specimens,  and  other 
objects ;  to  provide  rooms  for  the  meetings  of  the  Society,  and  pay 
rent  for  the  same ;  and  to  purchase  furniture  or  other  articles  that 
they  deem  necessary  for  the  use  of  the  Society. 

XXYI. — The  Council  shall  meet  once  at  least  in  every  month, 
and  upon  such  other  occasions  as  they  may  deem  expedient. 
Special  meetings  of  the  Council  may  be  called  by  either  of  the 
Secretaries,  or  on  the  requisition  of  any  three  members  of  the 
Council,  of  which  number  the  officer  convening  such  meeting  may 
be  one ;  any  three  members  of  the  Council  present  at  a  meeting 
being  sufficient  to  constitute  a  quorum. 

XXYII. — A  minute  of  the  proceedings  of  all  meetings  shall  be 
entered  by  the  Secretaries  in  a  book  to  be  kept  for  that  purpose. 

XXVIII. — The  Council  shall  decide  whether  a  paper  shall  be 
printed  in  the  Transactions  or  not,  and  if  they  do  not  unanimously 
agree  to  print  it,  or  reject  it,  they  may  refer  it  to  one  or  more 
members  of  the  Society,  to  report  upon  its  merits,  and,  in 
exceptional  cases,  refer  it  to  competent  persons  who  are  not 
members.  After  having  received  such  reports,  the  Council  shall 
decide  without  delay  whether  or  not  the  paper  is  to  be  printed. 
The  author  of  a  paper  shall  be  at  liberty  to  reserve  his  right  of 
property  therein,  and  shall  have  a  right  to  withdraw  it  from 
publication,  by  giving  timely  notice  to  the  Council. 

XXIX. — All  moneys,  the  Library,  and  all  chattels  of  the 
Society,  shall  be  held  by  the  President  and  Treasurer  for  the  time 
being,  as  legal  owners  thereof,  but  in  trust  for  the  Society,  and 
under  the  direction  of  the  Council,  and  aU  investments  shall  be 
made  in  the  names  of  such  members,  not  being  less  than  two,  as 
the  Society  may  from  time  to  time  appoint. 


XXX. — All  the  fdncU  and  moneyB  of  the  Society  Bhall  be 
applied  by  or  under  the  direction  of  the  Council,  in  paying  the 
debts  and  demands  for  the  time  being  owing  by  the  Society,  and 
carrying  out  the  purposes  thereof  as  defined  in  the  preceding 
Eules ;  and  no  diyidend,  gift,  division,  or  bonus  in  money  shall  at 
any  time,  or  under  any  circumstances,  be  made  unto  or  between 
the  members  of  the  Society,  or  any  of  them. 

XX  XL—  No  additional  rule,  nor  any  alteration  or  repeal  of  any 
existing  or  future  rule  or  rules  of  the  Society  shall  be  made, 
unless  with  the  consent  of  three-fourths  in  number  of  such  of  the 
ordinary  and  life  members  as  may  be  present  at  any  annual  or 
special  meeting ;  and  the  proposed  change  must  be  announced  by 
circular  to  the  members  whose  addresses  are  known,  at  least  three 
weeks  before  such  meeting. 

XXXII. — The  Society  shall  not  be  dissolved,  nor  shall  the 
Library  or  other  property  be  disposed  of,  unless  with  the  consent, 
in  writing,  of  three-fourths  of  such  of  the  ordinary  and  life 
members  as  may  be  present  at  each  of  two  successive  special 
general  meetings,  duly  convened  by  public  advertisement  in  the 
Manchester  daily  newspapers,  and  by  notice  sent  by  post  at  least 
one  calendar  month  before  each  meeting,  to  all  members,  whose 
addresses  are  known ;  such  meetings  to  be  held  at  an  interval  of 
not  less  than  two,  nor  more  than  four,  calendar  months. 


BYE-LAWS 

REGULATION    OF    THE    LIBRARY. 


I. — No  Book,  Map,  or  document  ehall  be  taken  from  the 
Library  without  the  same  being  first  entered  in  a  Begister,  in 
snch  manner  as  the  Conncil  shall  from  time  to  time  direct. 

II. — ^The  time  allowed  for  retaining  a  Book,  &c.,  shall  not 
exceed  one  calendar  month. 

III. — ^No  Member  shall  be  allowed  to  renew  a  Yolume,  Map, 
ftc.y  in  case  any  other  Member  shall  have  entered  his  name  as 
being  desirous  of  taking  out  the  same  on  its  return.  Such  Volume, 
Map,  &c.,  shall,  on  its  return  from  the  person  holding  the  same, 
be  entered  as  taken  out  by  the  Member  so  applying,  and  shall  not 
be  taken  away  by  any  Member,  save  him  in  whose  name  it  is 
entered,  till  the  expiration  of  the  period  for  which  the  Member  in 
whose  name  it  is  entered  would  have  been  entitled  to  hold  the 
same.  At  which  period  the  said  Book,  &c.,  (in  case  the  same  shall 
not  haye  been  taken  out  by  the  party  in  whose  name  it  is  entered 
on  the  Begister,)  shall  be  returned  in  the  Begister  as  returned. 

lY. — The  time  allowed  for  holding  shall,  in  every  case,  be 
computed  from  the  date  of  the  entry  in  the  Begister. 

Y. — Every  Member  shall  return  the  Books,  Maps,  and  documents 
belonging  to  the  Society  in  as  good  a  condition  as  when  they  were 
delivered  into  his  possession,  and  shall  be  answerable  for  the  same 
till  their  return  from  him,  to  the  Society,  is  correctly  entered  in 
the  Begister. 

By  order  of  the  Council, 

JOHN  EDWABD  FOBBES,  F.G.S.,)     Hokobabt 
JOHN  PLANT,  F.a.S.,  >  Sbcbetabibs. 
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ANNUAL  MEETING. 


The  Ank UAL  Meeting  of  the  Members  of  the  Society  was 
held  on  Tuesday,  the  26th  October^  in  the  Literary  and 
Philoflophical  Society's  Booms,  George  Street,  Manchester. 
Mr.  Joseph  Dickinson,'  F.G.S.,  Vice-President,  in  the  chair. 

The  following  Beport  of  the  Council  was  read  by  Mr.  J. 
E.  Forbes,  one  of  the  Honorary  Secretaries : — 

Report  of  the  Council  for  1874-5. 
The  Council  have  very  great  pleasure  in  being  able  to 
report  that  the  proceedings  of  the  Society,  in  all  respects, 
during  the  past  session  have  been  satisfactory,  and  that  the 
anticipations  which  were  made  of  greater  activity  and  sup- 
port from  the  members,  when  the  Society  commenced  holding 
its  meetings  in  the  present  rooms,  have  been  fully  realised. 

The  Society  at  the  present  time  consists  of  the  following 
members : — 

Life  Members 8 

Honorary  Members 4 16 

Ordinary  Members 101 

Total 125 

During  the  last  session  twelve  new  members  have  been 
elected,  whilst  there  have  been  five  losses  by  deaths  and 
resignation  in  the  course  of  the  session.  Allusion  has  already 
been  made  to  the  loss  of  one  of  the  most  eminent  geologists. 
Sir  Charles  Lyell^  who  was  for  many  years  an  honorary 
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member  Df  .the  Society,  and  also  to  the  death  of  the  distin- 
guished]'i^gineer  T.  E.  Pbrster,  also  an  honorary  member^  to 
RoberfjHyde  Greg,  T.  T.  Wilkinson,  and  W.  B.  Barr. 
'•^.ccording  to  the  "Articles  of  Agreement"— of  which  a 
^..iKmy'is  appended  to  this  Beport — ^between  the  Geological 

/.'"Society  and  certain  Commissioners,  to  carry  into  effect  the 
*  •  * 
,     '  •.  transfer  of  the  Geological  Museum  to  The  Owens  College, 

,  '*  *   the  Museum  should  now  have  been  opened  to  the  public, 

except  on  the  reserved  days ;  but,  owing  to  the  rooms  at 

The  Owens  College  not  having  been  completed,  it  hcs  been 

found  inconvenient  to  do  so,  except  under  restrictions  to 

prevent  crowding.    This  inconvenience  to  the  members  and 

to  the  public  it  is  hoped  will  soon  be  remedied. 

The  Library  has  been  completely  arranged  in  a  new 
cabinet,  many  of  the  recent  books  boimd,  and  a  classified 
catalogue  printed  for  the  use  of  the  members.  The  Council 
have  added  several  important  works  on  Mining,  Geology, 
and  PalsBontology,  and  it  is  gratifying  to  make  mention 
of  the  several  donations  to  the  Library  which  have  been 
received  from  kindred  Societies  in  Great  Britain,  Europe, 
India,  Canada,  and  from  the  United  States.  These  publica- 
tions are  of  a  high  scientific  character,  and  the  members  have 
special  advantages  in  being  able  to  consult  these  important 
memoirs. 

The  printing  of  the  "  Transactions"  has  been  effected  as 
regularly  as  the  accumulation  of  matter  would  allow,  and 
four  parts  have  been  issued  during  the  session.  The  matter 
in  hand  will  form  the  concluding  part  of  Vol.  XIII. 

The  Council  have  no  hesitation  in  offering  an  opinion  that 
the  papers  read  during  the  session  will  bear  favourable 
comparison  with  those  of  any  previous  session,  and  the 
discussions  at  the  meetings  have  been  sustained  with  an 
evident  interest  on  the  part  of  the  members.  The  sale  of 
the  "  Transactions"  to  the  public  is  satisfactory^  as  will  be 
seen  in  the  Treasurer's  account* 


Several  field  excursions  were  proposed  during  the  session^ 
but  the  arrangements  as  to  a  time  convenient  to  many  of 
the  members  were  not  satisfactory,  and  consequently  none 
took  place.  If  this  feature  in  the  work  of  the  Society  is 
desirable^  it  will  probably  be  successful  if  all  the  arrauge- 
ments  were  entrusted  to  a  special  Sub-Committee,  and  two 
or  three  Geological  excursions  might  be  carried  out  in  the 
summer  of  1876. 

The  Financial  Accoimt  with  the  Treasurer  is  appended, 
in  which  it  will  be  seen  that  an  additional  £100  has  been 
invested  in  Birkenhead  Stock,  making  a  total  of  £600  so 
invested. 


NEW   ORDINARY   MEMBERS. 


Bangay,  Dr.,  Cheadle,  Cheshire. 

Barrett,  W.  S.,  49,  Oldhall  Street,  Liverpool. 

Burrows,  Abraham,  Atherton  Collieries,  near  Manchester. 

Crofton,  Rev.  A.,  "Wyngate  House,  Levenshulme. 

Diggle,  A.  A.,  Hindley  Green  Hall,  Leigh. 

Fletcher,  Ralph,  jun.,  Atherton  Collieries,  near  Manchester. 

Gun,  Capt.  H.  A.,  R.E.,  F.G.S.,  Royal  Engineers*  OflBce, 

Manchester. 
Hetherington,  Joseph,  17,  Dickinson  Street,  Manchester. 
Jackson,  J.,  5,  Wood  Street,  Bolton. 
Morris,  Daniel,  Grammar  School,  Burnley. 
Nesbitt,  George,  100,  Burlington  Street,  Manchester. 
Waters,  A.  W.,  F.G.S.,  Woodbrook,  Alderley  Edge. 


DECEASED. 


Barr,  W.  R. 
Greg,  R.  H. 


Forster,  T.  E. 
Lyell,  Sir  C. 
Wilkinson,  T.  T. 
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THE  FOLLOWING  PAPERS  AND    COMMUNICATIONS 

HAVE  BEEN  BEOTJGHT  BEFORE  THE  ORDINARY 

MEETINGS  DURING  THE  SESSION. 


1874. 
Not.  24.    The  Prerident's  (W.  Boyd  Dawkinfl,  F.R.S.)  Inaugural 

Address. 
Dec.  23.     '*  On  Fish  Remains  from  the  Coal  Measures/'  by  Mr. 

J.  Aitken. 
"The  Geology  of  the  Parish  of  Halifax,"  Srd  part,  by 
Mr.  J.  Spencer. 
1876. 
Jan.  26.     "  On  Tertiary  Coals,"  by  Mr.  A.  W.  Waters. 
'*  The  Geology  of  Halifax,"  by  Mr.  J.  Aitken. 
Note  by  the  President. 

"  The  Hematites  of  Whitehaven  and  Fumess,"  by  Mr. 
J.  D.  Kendall. 
Feb.  23.     *'  Discussion  on  Mr.  Kendall's  Paper  on  Hematites." 
"  On  Basalt  and  its  oflPects,"  by  Mr.  G.  C.  Greenwell. 
March  23.  **  Discussion  upon  Mr.  Grcenwell's  Paper  on  Basalt." 
"On  a  Greenstone  from  Glyn  Ceiriog,"  by  Mr.   C. 
Hardwick. 
"  On  the  Origin  of  Arenaceous  Nodules  in  Coal  Measures, ' 
by  Mr.  J.  Plant. 
April  27.   "On  Belemnites  of   Eocene  Age,"    by  Mr.  A.   W. 

Waters. 
"On  Lead  Mining  in  the  Rossendalc  District,"  by 
Mr.  J.  Kerr. 
May.  No  Meeting. 

June  29.    "  On  the  Phenomena  of  the  Great  Eruption  of  Yesuvius, 

1872,"  by  Mr.  W.  J.  Black. 
"Observations  on  the  Castleton  Bone  Deposit,"  by 

by  Mr.  J.  Plant. 
"  On  Alluvial  Gravels  in  Salford,"  by  Mr.  J.  Plant, 
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The  Report  was  adopted,  and  ordered  to  be  printed. 

The  following  gentlemen  were  then  proposed  and  seconded, 
and  declared  duly  elected  as  Officers  and  Members  of  the 
Council  for  the  ensuing  year : — 

CLIFFORD  SMITH,  F.G.S. 

JOSEPH  DICKINSON,  F.G.S. 
JOHN  AITKEN,  F.G.S. 
THOMAS  KNOWLES,  M.P. 
PROFESSOR  BOYD  DAWKINS,  F.R.S. 

iKrtasnrtr.  • 

HENRY  MERE  ORMEROD,  F,G.S. 

JOHN  EDWARD  FORBES,  F.G.S. 
JOHN  PLANT,  :F.G.S. 

E.  W.  BINNEY,  F.R.S. 
R.  D.  DARBISHIRE,  F.G.S. 
RALPH  FLETCHER,  Jun. 
G.  C.  GREENWELL,  F.G.S. 
W.  H.  HEWLETT. 
W.  H.  JOHNSON. 
ANDREW  KNO^VLES. 
JOHN  KNOWLES,  M.I.C.E. 
J.  S.  MARTIN. 
EDWARD  PILKINGTON. 
A.  W.  WATERS,  F.G.S. 
JOHN  WILD. 

JOHN  HEELIS. 
THOMAS  LIVESEY, 


LIST   OF   MEMBERS, 

NOVEKBEB,    1875. 


The  Names  of  Honorary  ICembers  axe  printed  in  Italics, 
^  Members  who  have  oomponnded  for  the  Annnal  Snbscriptioa. 


Ymrci 

Xl6CtlOIla 


1874 
1863 
1862 
1865 
1864 

1866 
1875 
1875 
1858 

1862 
1838 

1867 
1866 
1859 
1861 
1859 
1862 

1875 
1874 


AgoMtz^  Alexandre^  Cambridge,  Massachussetts,  U.S. 
Aitken,  John,  F.G.S.,  Bacup,     Hx-Pretident. 
Alcock,  Thomas,  M.B.,  Oak  Field,  Ashton-on-Mersey. 
Ashworth,  Edward,  Stagg  Hills,  Waterfoot,  near  Manchester 
Ashworth,  John,  Rose  Hill,  near  Bolton. 

Bamford,  J.  B.,  Mining  Engineer,  Eochdale. 

Bangay,  Dr.,  Cheadle,  Cheshire. 

Barrett,  W.  S.,  49,  Old  HaU  Street,  Liverpool. 

Bazley,  Sir  Thomas,  Bart.,  M.P.,  Eyford  Park,  Stow-on- 
thc-Wold,  Gloucestershire. 

Beswicke,  William,  South  Parade,  Rochdale. 

Binney,  E.  W.,  F.R.S.,  F.G.8.,  55,  Peter  Street,  Man- 
chester.    JEx'FresidenL 

Bolton,  H.  H.,  Newchurch,  near  Manchester. 

Brierley,  Joseph,  Civil  Engineer,  Blackburn. 

Brongniarty  Adolphe^  Janlin  des  Plantes,  Paris. 

Brooks,  Thomas,  Sunnyside,  Rawtenstall. 

Bryham,  William,  Rose  Bridge  Colliery,  Wigan. 

♦Buccleugh,  His  Grace  the  Duke  of,  Whitehall  Gardens, 
London,  S.W. 

Burrows,  Abraham,  Atherton  Collieries,  near  Manchester. 

Byrom,  W.  A.,  F.G.S.,  27,  King  Street,  Wigan, 


8 


1874 
1860 
1859 

1862 
1861 
1868 

1869 

1862 
1860 

1856 

1875 
1859 


1852 
1838 

1838 
1860 
1865 


Crofton,  Rev.  A.,  Wyngato  House,  Leyonshulme. 

Crowthcr,  Samuel,  Bradford  Offices,  Bolton. 

*Coiiltliard,  J.  Boss,  F.R.S.L..  Croft  House,  Ashton-undor 

Lyne. 
Cross,  John,  78,  Cross  Street,  Manchester. 
Cross,  John,  Gidlow  House,  Wigan. 
Craig,  William  Young,  Alsagar,  Stoke-on-Trent. 

Dawkins,  Professor  "W.  Boyd,  M.A.,  F.R.S.,  The  Owens 
College,  Manchester.     Ex'Pre%ident. 

Derby,  The  Right  Hon.  the  Earl  of,  Knowsley. 

Darbishire,  R.  D.,  B.A.,  F.G.8.,  26,  George  Street,  Man- 
chester. 

Dickinson,  Joseph,  F.G.S.,  H.M.  Inspector  of  Mines, 
South' Bank,  Pendleton.    Ex-PrMident, 

Diggle,  A.  A.,  Hindley  Green  Hall,  Leigh. 

Diggle,  James,  Westleigh  Colliery,  Leigh. 

Ecclos,   James,    F.G.S.,    15,  Durham   Villas,    Phillimore 

Gardens,  Kensington,  London,  "W. 
♦Egerton,  Sir  PhiHp  de  Malpas  Grey,  Bart.,  M.P.,  F.R.S., 

Oulton  Park,  Tarporley.     Ex- President, 
Egerton,  The  Hon.  Algernon,  M.P.,  Worsley  Hall. 
Emhleion,  T,  W.,  The  Cedars,  Mothley,  Leeds. 

EnniBkilUny  Earl  of,  F.R.S.,  Florence  Court,  Fermanagh. 
Eskridgc,  R.  A.,  F.G.S.,  18,  Hackin's  Hey,  Liverpool. 
Evans,  Walter,  Middleton,  near  Manchester. 


Farrer,  James,  12,  Market  Street,  Bury. 
Fletcher,  Herbert,  The  Hollins,  Bolton. 
Fletcher,   Ralph,    jun.,   Atherton  Collieries,   near    Man- 
chester. 
1868  I  Fletcher,  Thomas,  Haulgh,  Bolton. 

Forbes,  John  Edward,  F.G.S.,  5,  York  Street,  Manchester. 


TeMTof 


1873 

1874 

1858 
1856 
1852 

1863 

1874 
1865 

1874 


1838 
1866 
1864 
1861 
1864 
1874 

1874 

1^62 
1860 
1875 
1874 
1838 

1862 
1874 


Garforth,  W.  E.,  Lord's  Field  Colliery,  Ashton-under-Lyno, 

Geikie,  Archibald^  LL.D.,  F.E.S.,  Eamsay  Lodge,  Edin- 
burgh. 

(Gerard,  Lord,  Bryn  and  Garswood,  near  Waiiington. 

Gilroy,  George,  Ince  Hall  Colliery,  Wigan. 

Greg,  Robert  Philips,  F.G.S.,  Coles  Park,  Bnntingfordy 
Herts. 

Greenwell  G.  C,  F.G.8.,  Poynton,  near  Stockport.  J5p- 
I^esident. 

Greenwell,  G.  C,  junr.,  Poynton,  near  Stockport. 

Grimshaw,  "W.,  Wellfield,  Stand,  Whitcfield,  near  Man- 
chester. 

Gun,  Captain,  H.A.,  B.E.,  F.G.S.,  Eoyal  Engineers'  Office, 
Manchester. 

-.    « 
Hadfield,  George,  24,  Fountain  Street,  Manchester. 

Hall,  John,  Baldcrstone,  Walmerslcy. 

Hall,  Eobert,  Hope  Foundry,  Bury. 

Harbottle,  "W.  H.,  Orrell  Colliery,  near  Wigan. 

Hardwick,  C,  74,  Halston  Street,  Hulme. 

Hawkins,  B.  W.y  F.G.S.,  Century  Club,  East  15th  Street, 

New  York. 
Sawhhawj  Sir  John,  Knight,  F.R.S.,   33,  Great  George 

Street,  Westminster,  S.W. 
Hawksworth,  E.,  Crewe  Coal  and  Iron  Co.,  Crewe. 
Heelis,  John,  37,  Cross  Street,  Manchester. 
Hetherington,  Joseph,  17,  Dickinson  Street,  Manchester. 
Hewlett,  "W.  H.,  Wigan  Coal  and  Iron  Co.,  Wigan. 
♦Heywood,  James,  F.R.S.,  F.G.S.,  26,  Kensington  Palace 

Gardens,  London,  W.  Ex-President 
Heywood,  Oliver,  Acrcsfield,  Pendleton. 
Bull,  Professor  Edward,  M.A.,  F.R.S.,  14,  Hulme  Street, 

Dublin. 


10 


Yflarof 

1876     Jackson,  J.,  5,  Wood  Street,  Bolton. 

1874     Johnson,  J.  H.,  F.G.S.,  Strangeways,  Wigan. 

1858  Johnson,  Eichaid,  27,  Dale  Street,  Manchester. 
1870     Johnson,  W.  H.,  B.Sc,  WUmslow. 

1844     *Joule,  J.  P.,  LL.D.,  F.R.S.,  Old  TnifPord,  Manchester. 

1856  Knowles,  Andrew,  High  Bank,  Pendlebury.    JEr^Preitdent. 

1859  Knowles,  John,  Westwood,  Pendlebury.    Hx-TtrndefU. 
1864  Knowles,  Kaye,  Swinton  Old  Hall,  Pendlebnry. 

1858  Knowles,  Thomas,  M.P.,  Ince  Old   Hall,    Wigan.    J&?. 
Firesident. 

1858  Lancaster,  John,  F.G.S.,  Bilton  Orange,  Engby. 

1860  *Litler,  H.  William,  Wallerscote,  Leamingfcon. 
1862  Livesey,  Clegg,  Bredbnry  Colliery,  near  Stockport. 
1838  Livesey,  Thomas,  Prcstwich  Park,  near  Manchester. 

1861  Lynde,  J.  G.,  P.G.S.,  Town  Hall,  Manchester. 

1873  Martin,  Joseph  S.,  Lispcctor  of  Mines,  Park  Yillas,  Prest- 

wich. 

1875  Morris,  Daniel,  Grammar  Sdiool,  Burnley. 

1838  Mortoitf  Charles,  The  Grange,  Southport. 

1874  Morton,  G.  JGT.,  F.G.S.,  21,  West  Derby  Street,  LiveipooL 

1875  Nesbitt,  George,  100,  Burlington  Street,  Manchester. 
1864  Nuttall,  Thomas,  Colliery  Surveyor,  Bury. 

1874  Ormerodj  O.  W.,  M.A.,  F.G.S.,  Brookbank,  Teignmouth. 

1838  Ormerod,  H.  M.,  F.G.S.,  5,  Clarence  Street,  Manchester. 

1874  Owen,    Professor   Richard,  D.C.L.,   F.B.S.,   &c.,   British 
Museum,  London,  W.C. 

1864  Park,  James,  Ironfounder,  Bury. 

1873  Pilkington,  Edward,  Clifton  Collieries,  near  Manchester. 

1873  Pilkington,  Alfred,  Clifton  Collieries,  near  Manchester. 

1861  Pickup,  Peter,  F.G.S.,  Townley  Colliery,  Burnley. 

1851  Plant,  John,  F.G.S.,  Royal  Museum,  Peel  Park,  Salford. 


11 


Ymtdt 


867 
866 
874 

860 

873 
866 
858 

864 

838 

873 
866 
844 

862 

859 

858 
873 

862 
862 
874 
863 
865 
867 
859 
860 
838 
859 
874 


Eaddiffe,  James,  Loid's  Pield  Colliery,  AAhton-under-Lyne. 
EadcMe,  Eichard,  Preston  Now  Boad,  Blackburn. 
Samsoiff  Professor  A.  (7.,  LL.D.,  F.E.S.,  &c.,  15,  Cromwell 

Ciesoent,  South  Kensington,  S.W. 
Bidyaid,  John,  Walkden,  Worsley. 

Seddon,  J.  F.,  Great  Harwood  Collieries,  Accrington. 

Selby,  Atherton,  M.E.,  Leigh. 

Shuttleworth,  Sir  James  P.  Kay,  Bart.,  F.G.S.,  Gkiwthoipe 

Hall,  Burnley.    ^-President. 
Smethurst,  William,  Garswood  Hall  Colliery,  Ashton,  near 

"Wigan. 
Smith,  G.  Fereday,  M.A.,  F.G.S.,  Grovehurst,  Tunbridgo 

Wells. 
Smith,  Clifford,  F.G.S.,Parkfield,  Swinton,  near  Manchester. 
Sopwith,  Arthur,  F.G.S.*,  Cannock  Chase  Collieries,  Walsall. 
S^th  Thomas,  M.A.,  F.B.S.,    F.G.S.,    103,    Victoria 

Street,  London,  S.W. 
Spence,  Peter,  F.C.S.,  Erlington  House,  Seymour  Grove, 

Old  Trafford. 
Statter,  Thomas,  Stand,  Bury. 

♦TrafFord,  Sir  Humphrey  De,  Bart.,  Trafford  Park. 
Tonge,  James,  Hulton  Colliery,  near  Bolton. 

Wadham,  Edward,  Millwood,  Dalton-in-Fumess. 
♦Walsh,  Eli,  Over  Darwen. 

Waters,  A.  W.,  F.G.S.,  Woodbrook,  Alderloy  Edge. 
Webster,  B.  C,  Euabon  Colliery,  Euabon. 
Whipp,  Thomas,  Sandy  Lane,  Bowdon. 
Wild,  George,  Bardsley  Colliery,  Ashton-under-Lyne. 
Wild,  John,  Glodwick,  Oldham. 
Wild,  Samuel,  Dean  House,  Buersill,  Eochdalc. 
Wilson,  Thomas,  Hillary  Place,  Leeds. 
Woods,  Henry,  The  Larches,  Wigan. 
Wbodhouse,  J.  T.,  F.G.S.,  M.I.C.E.,  Overseal,  near  Ashby* 
de-la-Zouch. 


12 


PAST  PRESIDENTS  OF  THE  SOCIETY. 


1838-9-40 

Egerton,  The  Bt.  Honourable  FranciB,  M.P. 

1841-2-3 

Heywood,  James,  F.R.S.,  P.G.S. 

1843-4-5 

Egerton,  Sir  Philip  de  Malpas  Grey,  Bart.,  M.P. 

1845-6-7 

Mosley,  Sir  Oswald,  Bart. 

1 847-8-9 

Thicknesse,  Ralph,  M.P.,  Wigan. 

1849-50-1 

Heywood,  James,  M.P.,  F.R.S. 

1851-2-3 

Black,  James,  M.D.,  F.G.8. 

1853-4-5 

Ormerod,  G.  W.,  M.A.,  F.G.S. 

1855-6-7 

Egertx)n,  Sir  Philip  de  Malpas  Grey,  Bart.,  M.P. 

1857-8-9 

Binney,  E.  W.,  F.R.S.,  F.G.S. 

1859-60-1 

Xay-Shuttleworth,  Sir  J.  P.,  Bart.,  F.G.S. 

1861-2-3 

Dickinson,  Joseph,  F.G.S. 

1863-4-5 

Knowles,  Andrew. 

1865-6-7 

Binney,  E.  W.,  F.E.S.,  F.G.S. 

1867-8-9 

Greenwell,  G.  C,  F.G.S. 

1869-70-1 

Aitkon,  John,  F.G.S. 

1871-2-3 

Knowles,  John,  M.I.C.E. 

1873-4 

Knowles,  Thomas,  M.P. 

1874-5 

Dawkins,  Professor  Boyd,  F.R.S.,  F.G.S. 

18 


^rlkks  of  Agreement 


made  the  30th  day  of  November,  1869,  BETWEEN  Jots  Attkeit, 
F.G.S.,  President  of  the  Manchester  Geological  Society, 
acting  for  and  on  hehalf  of  the  said  Society  of  the  first  part ;  and 
Abxhite  Geobge  Lathah,  Merchant,  Joseph  Sidebothak,  Calico 
Printer,  J  axes  Peescott  Joule,  Esquire,  Thomas  Henet  Nevill, 
Calico  Printer,  all  of  the  City  of  Manchester,  in  the  County  of 
Lancaster,  Commissioners  appointed  for  and  on  behalf  of  the  late 
Natural  History  Society  of  Manchester;  Thohas  Ashton,  Mer- 
chant, Joseph  Geoege  Geeenwood,  Esquire,  both  of  Manchester 
aforesaid,  acting  for  and  on  behalf  of  the  Extension  Committee  of 
Owens  College,  in  Manchester  aforesaid,  and  Alfred  Nield, 
Esquire,  and  Mtjebat  Gladstoi^e,  Esquire,  both  of  Manchester 
aforesaid,  acting  for  and  on  behalf  of  the  Trustees  of  Owens  Col- 
lege, of  the  second  part. 

WHEEEAS,  by  a  certain  Indenture,  bearing  date  the  29th  day 
of  January,  1868,  the  whole  of  the  collections  of  the  Manchester 
Natural  History  Society  became,  or  were  to  become,  upon  certain 
conditions,  the  property  of  the  Trustees  of  Owens  College,  except 
the  Geological  part  of  the  same.  And  whereas,  in  pursuance  of 
certain  arrangements,  the  Geological  and  Mincralogicol  Collection 
of  the  Manchester  Geological  Society  was  united  with  the  Geological 
and  Mincralogical  Collection  of  the  Manchester  Natural  History 
Society  into  one  collection,  and  so  remains  united.  And  whereas, 
in  and  by  the  before-mentioned  indenture,  it  was  declared  that  the 
said  several  persons  parties  hereto,  of  the  second  part,  or  such  of 
them  as  were  acting  for  the  time  being,  might  forthwith,  or  at  any 
time  within  five  years  from  the  date  thereof,  arrange  with  the  said 
Manchester  Geological  Society  as  to  the  disposal  of  the  joint  col- 
lection of  Geological  Specimens  in  the  said  Museum,  and  might,  if 
they  or  he  should  think  fit,  cede  to  the  said  Geological  Society 
such  portion  of  the  said  Geological  Collection  as  was  the  property 
of  the  said  Manchester  Natural  History  Society,  provided  that  no 
disposition  should  be  made  of  the  said  Geological  Collection  which 
Bhould  prevent  its  continuance  as  one  entire  collection  within  the 
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pariah  of  Manchester  aforesaid,  or  the  gratuitous  admissioii  of  the 
public  thereto.    And  whereas  it  has  been  considered  desirable  that 
the  said  collections  should  still  remain  miitedy  and  in  ptursuance  of 
such  intention  it  has  been  determined  by  two  suocessiTe  general 
meetings,  duly  convened  and  held  in  pursoance  of  **  The  Literary 
and  Scientific  Institations'  Act,  1854/'  by  the  votes  of  three-fifths 
of  the  members  present  at  each  of  such  meetings,  that  all,  and  sin* 
golar,  the  part,  share,  estate  and  interest  whatsoever  of  the  said 
Manchester  G^logical  Society  of  and  in  the  said  united  collection 
shall  become  and  be  vested  in  the  said  parties  hereto,  of  the  second 
party  upon  the  trusts  hereinafter  mentioned,  and  that  the  said 
G.  G.  GBEErvTELL,  E.G.S.,  as  such  President,  as  aforesaid,  and  in 
the  name  of  the  said  Society,  shall  be  authorised  and  directed  to 
enter  into  the  agreement  and  declaration  hereinafter  contained,  for 
and  on  behalf  of  the  Council  and  Members  of  the  Manchester 
Geological  Society.    And  whereas  the  Committee  for  the  Extension 
of  Owens  College,  as  well  as  the  said  several  persons,  parties  hereto 
of  the  second  part,  have  by  resolutions  severally,  bearing  date 
respectively  the  SOth  day  of  June,   1869,  agreed  to  accept  such 
part,  share,  and  interest,  upon  the  trusts  hereinafter  declared. 
17ow  therefore  these  presents  witness,  and  it  is  hereby  declared 
and  agreed  that  from  henceforth  all  and  every  the  part  and  share, 
or  parts  and  shares,  undivided  or  otherwise,  of  the  said  Manchester 
Geological  Society  of  and  in  the  united  collection  of  Geological 
and  Mineralogical  Specimens,  and  of  and  in  all  cases  containing 
the  same,  now  belonging  to  and  held  by  the  said  Society,  jointly 
or  in  common  with  the  late  Manchester  Natural  History  Society, 
and  all  the  right,  tiUe,  interest,  trust,  claim  and  demand  of  the 
said  Manchester  Geological  Society,  and  of  the  Council  and  Mem- 
bers thereof,  shall  from  henceforth  be  and  become  vested  in  the 
said  several  persons,   parties  hereto  of  the  second  part,  their 
executors,   administrators,   and  assigns,  to,  for,  and  upon  such 
trusts,  ends,  intents  and  purposes,  and  with,  under,  and  subject  to 
such  powers,  provisions,  declarations,  and  agreements  as  are  herein- 
after declared  and  contained  of  and  concerning  the  same ;  that  is 
to  say,  upon  trust  that  the  said  parties  hereto,  of  the  second  part, 
and  the  snivivors  and  survivor  of  them,  and  the  executors  and 
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admimstratoTB  of  siteh  survivor,  their  or  his  asBigns,  hereiiiafter 
called  the  Natural  History  CommissioiierSy  do  and  shall  stand 
possessed  of  the  said  united  Geological  and  Mineralogical  Collection, 
and  other  the  premises  hereinbefore  mentioned,  and  all  additions 
thereto,  npon  trust,  until  the  28th  day  of  January,  1873,  or  until 
it  shall  sooner  appear  to  the  satisfaction  of  the  said  Natural  History 
Commissioners  that  the  objects  of  the  said  Extension  Committee  of 
the  said  College,  with  respect  to  the  extension  of  the  said  College, 
and  the  erection  of  new  buildings  in  connection  therewith,  have 
been,  or  in  all  reasonable  probability  will  be  attained,  to  pennit 
and  suffer  the  said  collection  and  premises  to  be  used  and  enjoyed 
as  a  Museum,  without  charge,  for  the  purpose  of  the  said  College ; 
and  also  by  the  public,  and  by  the  members  of  the  Manchester 
Geological  Society,  and  such  other  persons  as  they  may  think  fit, 
in  conformity  with  and  subject  to  such  rules  and  regulations  for 
the  management  and  conduct  thereof  as  the  said  Natural  History 
Commissioners,  jointly  with  the  four  persons  to  be  nominated  by 
the  Council  of  the  said  Manchester  (Geological  Society,  as  herein- 
after directed,  hereinafter  called  **  The  Geological  Commissioners," 
shall  from  time  to  time  direct. 

For  the  purposes  aforesaid,  and  during  the  period  aforesaid,  it 
shall  bo  lawful  for  the  said  Natural  History  Commissioners,  jointly 
with  the  said  Geological  Commissioners,  to  reorganise  the  said 
collection,  and  to  receive  new  specimens  in  addition  thereto,  and 
to  exclude  and  sell  or  exchange,  or  otherwise  dispose  of,  duplicate 
and  any  other  undesirable  specimens,  and  to  maintain  the  said 
collection,  with  all  needful  appliances  and  improvements,  and 
expenses  of  insurance,  Curatorship,  and  conservancy. 

K  at  any  time  before  or  at  the  said  28th  day  of  January,  1873, 
it  shall  appear  to  the  satisfaction  of  the  said  Natural  History 
Commissioners  that  the  objects  of  the  said  Extension  Committee  of 
the  said  College,  with  respect  to  the  extension  of  the  said  College, 
and  the  erection  of  new  buildings  in  connection  therewith,  have 
been,  or  in  all  reasonable  probability  will  be  attained,  the  said 
Natural  History  Commissioners  and  all  other  necessary  parties 
shall  assure  to  Trustees  for  the  time  being,  of  or  for  the  said 
enlarged  College,  their  executors,  administrators,  and  assigns,  all  and 
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fiiiigalar  tiie  said  collection  and  premises  hereinbefore  mentioned^ 
and  all  additions  theretOi*  to  Ihe  intent  that  the  same  collection  and 
premises  may  be  held  and  disposed  of  and  applied  by  the  Trostees, 
for  the  time  being,  of  the  said  enlarged  College,  in  the  manner 
hereinafter  expressed,  for  the  promotion  of  Natural  History  in 
Manchester,  and  for  the  purposes  of  the  same  College,  and  for  the 
benefit  of  the  public,  and  with  the  privileges  for  the  present  and 
future  members  of  the  Manchester  Geological  Society,  and  for  the 
same  Society,  and  according  to  the  provisions  and  subject  to  the 
conditions  hereinafter  expressed,  that  is  to  say : — 

1.  The  said  united  collection  (with  all  additions,  and  subject  to 
the  reasonable  exclusion  of  duplicate  or  otherwise  undesirable 
specimens)  is  to  be  maintained  in  an  appropriate  Museum,  or 
appropriate  Museum  rooms  to  be  provided  for  the  same. 

2.  The  same,  with  all  specimens  added  thereto,  is  to  be  main- 
tained, with  all  needful  appliances  and  expenses  of  Curatorship  and 
conservancy. 

8.  An  efficient  Curator  or  efficient  Curators  is  or  are  to  be  from 
time  to  time  appointed  by  the  Trustees  of  the  said  enlarged  College, 
and  to  be  removable  by  them ;  and  the  duty  of  such  Curator  or 
Curators  shall  bo  to  superintend  and  manage  the  said  collection ; 
and  the  salary  of  such  Curator  or  Curators  is  to  be  provided  by  the 
Trustees  of  the  said  enlarged  College,  from  the  income  of  any 
funds  applicable  to  such  purpose,  provided  that  the  office  of  Curator 
may  be  united  with  that  of  Curator  or  sub-Curator  of  the  Natural 
History  Museum,  intended  to  be  constituted  under  the  charge  of 
the  Trustees  of  the  said  intended  enlarged  College,  or  with  that  of 
a  Professor  or  Lecturer  of  the  said  enlarged  College. 

4.  The  said  collection  shall  be  closed  on  one  day  in  each  week 
for  cleaning  and  other  purposes ;  and  shall  be  open,  without  charge, 
on  two  days  in  each  week  for  the  purposes  of  study,  to  all  persons, 
under  regulations  to  be  made  from  time  to  time  by  the  Trustees  of 
the  said  enlarged  College ;  and  shall  be  open,  without  charge,  to 
the  public  on  three  days  in  each  week,  with  occasional  evening 
access,  according  as  the  said  Trustees  of  the  said  enlarged  College 
may  direct ;  and  the  said  Trustees  of  the  said  enlarged  College  may 
close  the  said  collection  for  any  time  not  exceeding  in  the  whole 
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six  weeks  in  each  year.  The  Professors  and  Lectnrovin  the  said 
College,  under  such  regulations  as  aforesidd,  shall  hcf»  the  use  in 
the  said  College  of  the  specimens  in  the  said  Museum^ 

5.  The  members  of  the  Manchester  Geological  Society  for  the 
time  being  shall  have,  so  far  as  may  be  consistent  with  the  pre- 
ceding provisions,  the  like  access  to  the  said  collection,  in  the  said 
Museum,  for  themselves  and  their  friends,  as  they  now  enjoy  in 
respect  of  the  present  collection,  and  shall  have  access  for  them- 
selves on  the  two  days  in  each  week  set  apart  for  study. 

6.  The  said  Manchester  Geological  Society  shall  haye,  from  time 
to  time,  the  free  use  of  such  Geological  and  Mineralogical  Sped- 
mens  as  they  may  require  for  their  monthly  or  oilier  meetings, 
they  being  at  the  expense  of  the  removal  and  replacing  the  same. 
If  at  the  expiration  of  the  said  term,  viz.,  on  the  28th  day  of 
January,  1873,  it  shall  appear  to  the  said  Natural  History  Com- 
missioners and  the  said  Geological  Commissioners  that  the  objects 
of  the  said  Extension  Committee  of  the  said  College,  with  respect 
to  the  extension  of  the  snid  College,  and  the  erection  of  new 
buildings  in  connection  therewith,  have  not  been,  or  are  not  likely 
with  all  reasonable  probability  to  be  attained,  then  the  said  Natural 
History  Society  Commissioners  shall  stand  possessed  of  the  said 
united  collection,  and  all  additions  thereto,  upon  such  trusts  and 
for  such  purposes,  for  the  promotion  of  Natural  History  in  Man- 
chester, as  they  and  the  said  Geological  Commissioners  shall  jointly 
agree  upon ;  and  in  case  of  difference,  then  upon  the  same  trusts 
and  for  the  same  purposes  as  the  said  united  collection  now  stands 
vested,  and  as  if  these  presents  had  not  been  made. 

The  Council  of  the  Manchester  Geological  Society  shall,  from 
time  to  time,  nominate  and  appoint  four  persons,  members  of  their 
Society,  to  act  for  such  period  as  the  Council  shall  think  fit,  with 
liberty  to  remove  the  same  at  discretion ;  and  the  vacancy  caused 
by  such  removal,  or  the  death,  resignation,  or  otherwise  of  any  of 
such  persons,  from  time  to  time,  to  appoint  another  in  lieu  thereof; 
and  such  persons  so  appointed,  herein  called  Geological  Commis- 
sioners, shall  and  may  act  jointly  with  the  said  Natural  History 
Commissioners,  for  the  purpose  of  reorganising  the  said  collection, 
receiving  new  specimens  in  addition  thereto,  excluding,  selling,  or 
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ezdUHOging;  or  otherwiBe  disposmg  of  duplicate  and  aaj  other 
undenbable  q>ecimen8,  and  naintaining  the  said  eollectinin,  witkall 
needful  appliances  and  improYemcnts. 

The  0aid  Manchester  Geological  Society,  so  long  as  the  said 
Nattnl  History  Commissioners  shall  continue  to  occupy  the 
MuMRim  Buildings,  in  Peter  Street,  in  Manchester  aforesaid,  shall 
he  funuflhed  and  provided  with  rooms  for  their  meetings  and 
Libfluy  on  the  same  terms  and  conditions  as  at  present,  but  such 
ooeopation  and  proyision  shall  absolutely  cease  and  determine  in 
iJM  event  of  the  said  Natural  History  Commissioners  ceasing  to 
ooeopy  the  said  buildings. — Is  witness,  &o. 
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LISTS  OF  PRESENTS  FOR  THE  LIBRARY  RECEIVED 

TO  OCTOBER,  1875. 


TBAVfiAcnoirs : — 

1.  Lomdon    GFeological     Society. — '^  Quarterly    Journal.'* 

Ko6.  119  to  124,  and  Abstracts  for  the  Session, 
1874-5.    From  the  Society. 

2.  London  Geologists  Association. — ''Proceedings,''    Kos. 

1,  2,  3,  4.  Yol.  4.  Annnal  Report,  1874.  From 
the  Council. 

3.  South  TVales  Institute  of  Engineers. — '^  Proceedings." 

Parts  I.,  II.  No.  2.  Vol.  1.  December,  1874. 
Including  "  The  South  Wales  Coal  Field,"  by  J.  F. 
Brown.  Large  Map  and  Sections.  From  the 
Council. 

4.  Miners'  Association  of  Cornwall  and  Devon. — ''  Reports 

and  Proceedings  for  1873."    From  the  Council. 

5.  Royal    Geological    Society    of    Ireland. — **  Journal." 

Part  1.    Vol.  4.    N.  S.    1873-4.    From  the  Council. 

6.  Geological  Society  of  Glasgow. — *'  Transactions."  Part  I. 

Vol.  5.     1875.     From  the  Council. 

7 .  Royal  Institute  of  Cornwall.—'  *  Journal. "    Nos.  1 6, 1 7 . 

October,  1874  ;  September,  1875.   From  the  Council. 

8.  Liverpool  Geological  Society. — *'  Proceedings."  Part  III. 

Vol.  1.     1874-5.     Prom  the  Council. 

9.  Philosophical  Society  of  Manchester. — "  Proceedings  for 

1874-5."  Catalogue  of  the  Library.  1875.  From 
the  Council. 

10.  Natural  History  Society  of  Glasgow. — •'Proceedings." 

Part  I.     Vol.  2.    From  the  Council. 

11.  "Warwickshire  Naturalists   Field  Club. — "Proceedings 

for  1874-5."     From  the  Club. 

12.  Bristol  Naturalists'  Society. — "Proceedings  for   1868, 

1869-70-1."  Vols.  3  to  6,  and  New  Series.  Part  II. 
Vol.  1.  1874-5. —  "  Laws."  1875.  From  the 
Society. 
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18.    Walford   Natural    History   S<Ksiety.— "  TraaaactionB.*' 
Parts  I.,  n.    Vol.  1.     1875.    From  the  CouDoil. 

14.  Leeds  Phflosophical  Sodoty.—"  Report   for    1874-5." 

From  the  Cotmcil. 

15.  North  Staffordshiie  Naturalists'  Field  Club.— <'  Annoal 

Eeport"     1875.    Prom  the  Club. 

16.  Ldcester   Literaiy  aud    Philosophical    Society. — Two 

"  Beports  for  1875.*'    From  the  Council. 

17.  Exeter  Museum  and  Free  Library. — "  Beport  for  1875." 

From' the  Committee. 

m 

1 8.  Birmingham  Free  Library. — "  Beport  finr  1874."    From 

the  Committee. 

19.  Williamson  (Professor    W.    C.)—*' Memoir,  from    the 

Philosophical  Transactions,  On  the  Fossil  Plants  of 
the  Coal  Measures."  Parts  I.  to  YI.  4to.  From 
the  Author. 

20.  Bicketts  (Chas.,  M.D.)— "  Sections  of  Strata  at  Huyton, 

near  Liverpool ; "  and  "  On  the  Metamorphic  Bocks 
of  Malvern."    From  the  Author. 

21.  Heywood  (James,  FJLS.)— Three  Plates  of  the  Fossil 

Trees  at  Dixon  Fold,  near  Bolton.  From  Mr. 
Heywood. 

22.  Bead  (T.  M.)— Papers  on  "Glacial  Geology."    From 

the  Author. 

23.  The    "  Owens   College    Calendar   for    1875."      From 

Principal  Greenwood. 

24.  Mackenzie  John. — ^Beports  for  1873-4,  upon  the  Coal- 

fields of  New  South  Wales.    Map  und  sections,  folio. 


FSOK  TRV  UiriTED   STATES. 

1.  Smithsonian    Institution,    U.S.A.  —  "Beports    of   the 

Commissioners  of  Agriculture  for  1 873-4."     Byl.  8vo. 
2  vols. 

2.  Wairen  (G.  K.>— "  Physical  Features  in  the  Yalley  of 

the  MiuLeaota  Biver.    Part  11.,  pp.  22. 
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19.  Winchell  (N.  H.)— *'  On  the  Hamilton  in  Ohio.'*  pp.  4. 

20.  Winchell  (N.  fi.)t*^''  Geological  and   Natural  History 

Survey  of  Minnesota."    2nd  Annual  Eeport.     1873. 
pp.  220. 

21.  Hayden  (F.  V.) — "  Map  of  the  Upper  Geyser  Basin,  on 

the  Upper  Madison  Eiver,  Montana."    Scale,   6  in. 

to  1  mile.    By  G.  B.  Bechler.     20  in.   by  18  in., 
tinted. 

22.  Hayden  (F.  V.)—"  Map  of  the  Lower  Geyser  Basin." 

Scale,  6  in.  to  1  mile.     84  in.  by  21  in.,  tinted. 

23.  Hayden  (F.  V.)—"  Physical  Map  of  the  Sources  of  the 

Snake  Eiver,  &c."    tinted.     Scale,  5  miles  to  1  in. ; 
26  in.  square. 

24.  Ditto.  Geologically  coloured.     Same  scale  and  size. 
26.     Hayden  (F.  V.) — "  Geological    Map    of    Montana    and 

Wyoming    Territories."       Scale,   4  miles  to   1  in. 

29  in.  by  21  in. 
26.     Hayden  (F.  V.)— •"  Preliminary     Map     (Physical)     of 
Central  Colorado,  as  Surveyed  in   1873-4."     Scale, 
10  miles  to  1  in     25  in.  by  22  in. 

Fbom  Sweden  and  Fbaxce. 
IVofn  the  Eoyal  University  of  Christiania. 

1.  Sexe  (S.  A,) — "  On  Giants'  Caldrons  (Ice- worn    Holes 

on  Kocky  Surfaces.")    4to.    pp.  44.     Plates.     1874. 
English  and  Norsk, 

2.  Kjerulf  (Professor  T  )— "  On  Polished  Bocks  by  Glacier 

Action   (om  Skuringsmoerker,  etc.)"   Part  II.    1872. 
4to.    pp.  92.     Woodcuts  of  Fossils  of  Stage  1  (Cam- 
brian) and  Sections.    French  and  Norsk.     1873. 
8.     Tromso  Amts  Orografi  (Terraces  of  Tromsce  Sound). 
8vo.    pp.  181-240.     Norsk. 

4.  Pettersen  (Karl). — "  On  the  Quartemary  Period  on  the 

Isle  of  TromsoD."     8vo.     pp.  103-176. 

5.  Schiootz    (0.  L.) — "  Undersoegelser    over    Sparagmit- 

Kvartz-Fjeldet."  (Geology  about  Hamer  Stipt).  8vo. 
p.  100.     1873.    Norsk, 
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6     SchioBiz    (0.    E.) — "  Analyse    of    Xcnotim    (Phos    of 

Tttriam)."    p.  13.     8vo.    JSftrik. 
7.    Helland  (Amund). — ''  Om  Knnnjersten   i  SeipentoB." 

8vo.    p.  20.     1873. 


8.  ^'Sodete  Ebediviale  de  Geograpliio  DiBCOurs  au  Cairo 

(Cairo)  A'La  Seance  D'liiaugaration."   2  Jain.   1875. 

9.  '^  Bolletin  dc  la  Societe  Yaudoise  des  Sciences  Naturolles." 

Vol.  13.     No.  74.     1876. 


BOOKS  PXIECHASED  IN  1875. 

Agricola— "  De  Re  Metallica."    Folio.     1657. 

Agaasiz — ''  The  Glaciers  of  Switzerland."    Folio,  plates. 

Bailey  (W.  H.)—'*  Figures  of  Characteristic  Fossils."    Vol.  1. 

Falseozoic.     1875. 
Brongniart — "  History  of  Vegetable  Fossils."    2  vols.    4to. 
Bnrat  (Amedee) — '*  Treatise  and  Atlas  on  Coal  Mining."     Folio. 
Combes  (M.,  Ch.) — *'  Treatise  and  Atlas  on  Coal  Mining."     Folio 
Cotta  (B.  Von)—**  Rocks,  Clasified."     1866. 
Falconer  (Hngh)— "  Memoirs,"  &c.     2  vols.     1868. 
Geikio  (James)—"  The  Great  Ice  Age."     1874. 
Geikie  (Archibald)—"  Life  of  Sir  R.  Murohison."     2  vols.     1875. 
Geological  Magazine.     1875. 
Geological  Survey  Maps  of  the  North-Vest  Counties.   40  Maps, 

and  Memoir  of  the  Burnley  Coal  Field. 
Mammatt  (E.>— "Coal  Plants  of   the    Ashly-de-la-Zouch  Coal 

Field,"    4to. 
Phillips  (John)—"  Geology  of   Oxford  and    the  Valley  of  the 

Thames."     1871. 
PhilUps  (John)—"  Vesuvius." 
Phillips  (John)—"  Geology  of  Yorkshire."     New  edition.    4to. 

1875. 
Phillips  (J,  A.)—'-  Elemente  of  MetaUurgy."     1874. 
Palmieri  (Prof.)—"  The  Eruption  of  Vesuvius  in  1872*1873." 
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Societies  wuh  whom  ihb  SodBrr  Exchakoes  its  Tbansactioks, 
AJXD  Iksiitut^ons  akd  Jotjbkals  to  whom  a  Copt  is  sent  Feee. 

I. — ^Ekolakd. 

London British  Museum. 

Geological  Survey. 

Qeological  Society. 

Geologists'  Association. 

Boyal  Institution. 

Eoyal  Society. 
Afanehester The  Owens  College. 

Literary  and  Philosophical  Society. 

Free  Library,  Camp  Field. 

Scientific  Students'  Association. 

Salford  Boyal  Museum. 
Liverpool Geological  Society. 

Free  Library  and  Museum. 
Leeds    Geological  and  Polytechnic  Society. 

Free  Library. 

Philosophical  and  Literary  Society. 

Leicester Literary  and  Philosophical  Society. 

Birmingham    • . .  •  Free  Library  and  Museum. 

Cambridge    Geological  Museum,  University. 

Oxford Geological  Museum,  University. 

Exeter Albert  Museum,  and  Library. 

Cornwall Koyal  Geological  Society,  Penzance. 

Eoyal  Institute,  Truro. 

Truro  ...  * Miners'  Association  of  Cornwall  and  Devon. 

Bristol Naturalists'  Society. 

Warwick Natural  History  Society. 

Swansea  ,  South  Wales  Institute  of  Engineers. 

Bamsley Midland  Institute  of  Mining  Engineers. 

Dudley Geological  and  Scientific  Instiute. 

NeweastU-on-Tyne,,  Institute  of  Mining  Engineers. 

Sheffield    Free  Library  and  Museum. 

South  Shields  ....  Public  Free  Library. 
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II. — Scotland. 

Edinhurffh  Geological  Society". 

Royal  Society. 

Royal  Physical  Society. 
Glasgow  Geological  Society. 

Natural  History  Society. 
Dundee    Free  Library  and  Museum. 

III. — Ireland. 

Dublin Royal  Dublin  Society. 

Royal  Geological  Society  of  Ireland. 
Bel/out Natural  History  Society. 

IV. — FoBBioN  Societies. 

Berlin Geological  Society  of  Germany. 

CalctUta Geological  Survey  of  India  (Dr.  Oldham). 

ChriHiania Royal  University  of  Norway. 

Dresden    Natural  History  Society  *'  Isis  " 

Lausanne  {Suisse).  .  Societie  Vaudoise  des  Sciences  Naturelles. 

Paris    Societie  (reologique. 

St.  Petershurgh    . .   Academy  Irapoiial. 
Turin    Acailomio  Rovalo. 

V. — United   States  and  Canada. 

Montreal Geological   Survey    of  Canada   (A.   R.    C. 

Selwyn,  F.G.S.,  Director). 
McGill  College  (Principal  J.  W.  Dawson) 

Albany,  U.S Verplanck  Colvin. 

Boston,  U.S Free  Librar}-. 

Easton^  (J.S American  Institute  of  Mining  Engineers. 

Indiana,  U.S E.  C.  Cox. 

iVW  Haven,  U.S...  Professor  0.  C.  Marsh,  F.G.S. 

Neic  York,  U.S., ,    Silliman's  Journal. 

St.  Louis,  U.S.  ..   G.  C.  Broadhcad,  State  Gcjologist. 
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TRANSACTIONS 

OP  THE 

MANCHESTER  GEOLOGICAL  SOCIETY. 


Pabt  II.  Vol.  XIV.  Session  1875-6. 


At  the  Ordinary  Meeting  of  the  Society,  held  on  Tues- 
day, 30th  November,  1875. 

Mr.  JosBPH  Dickinson  (Vice-President),  F.G.S.,  H.M. 

In4>ector  of  Mines,  in  the  Chair. 


•STIGMAEIA  FICOIDES"  IN  THE  COAL  OF 

LEINSTEE,  IRELAND. 

The  Chairman  said  that,  a  few  weeks  ago,  a  member  of 
the  Society  (Mr.  Binney)  enquired  of  him  whether,  under- 
neath the  coal  seams  of  Kilkenny  and  Queen's  County  (Leins- 
ter  coal-field)  any  trace  was  found  of  the  Stigmaria  ficoidcs — 
that  vras  the  rootlets — or  whether  the  means  by  which  the 
coal  had  been  converted  into  anthracite  had  destroved  them. 
As  the  question  might  be  interesting  to  other  members,  he 
had  brought  some  of  the  fire-clay  which  imderlay  the  seams 
in  question,  showing  that  the  rootlets  were  as  plain  to  be 
in  the  floor  of  some  of  the  seams  as  in  our  English 


Xne   specimens  were  exhibited  and  described;  and  Pro- 
fessor Dawkins  said  he  had  observed  in  the  under  clay  of 
Pembroiesiire — ^which  was,  he  supposed,  of  the  same  rela- 
tive antiqu/^j  as  that  of  Leinster-- rootlets  of  stigmaria ;  but 
y^'^^^^g  li][0  one  of  the  specimens  now  shown  (a  granite- 
^  ^^^^)  b^   ^^  never  seen.     Tu  that  specimen  felspar. 
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mica,  and  quartz  were  perfectly  shown.  A  specimen  of 
crushed  clay,  whicH  was  exhibited,  was  very  interesting,  as 
showing  the  enormous  pressure  to  which  it  had  been 
subjected. 

The  Chairman  explained  that  the  granite-like  specimen 
was  taken  from  underneath  the  fireclay  that  lies  below  the 
deep  coal  seam  at  Clogh  Colliery,  Castlecomer. 


AGE  OF  THE  NEW  SOUTH  WALES  COAL  BEDS. 

Professor  Boyd  Dawkins  said  that,  with  regard  to  the 
age  of  the  coal-fields  it  might,  perhaps,  be  of  interest  for 
him  to  say  that  when  in  New  South  Wales  he  had  an 
opportunity  of  critically  examining  the  coal  fields  of  that 
colony,  and  there  could  be  no  doubt  as  to  its  geological  age; 
for,  in  its  lower  portion,  there  were  marine  fossils,  very 
much  after  the  same  fashion  as  we  have  in  our  own  coal  field 
of  Lancashire.  Above  this,  in  the  coal  measures  proper, 
there  are  Ifpidodendron,  calamitcsy  and  sigU/aria,  associated 
with  some  peculiar  ferns  known  as  Giossopteris.  Up 
to  the  present  time  the  age  of  that  coal  field  had  been 
in  dispute  between  the  Rev.  W.  G.  Clarke  on  the  one 
hand,  and  Professor  McCoy  on  the  other ;  and  it  appeared 
that  Professor  McCoy  had  only  argued  from  the  fern 
alluded  to,  which  occurs  in  the  lower  mesozoic  strata  of 
India.  But,  certainly,  when  we  take  into  consideration  the 
marine  fauna — the  shells  living  in  the  sea  of  the  lower 
carboniferous  strata — and  the  terrestrial  vegetation,  which 
was  to  a  largo  extent  identical  with  that  in  our  own  coal 
field,  there  was  not  much  doubt  as  to  the  New  South  Wales 
coal  being  Palaeozoic. 

The  Cil\irman  :  Is  it  identical  with  our  carboniferous 

age? 

Professor  Dawkins  ;  I  don't  say  that  j  but  it  contains  the 
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same  fossils^  and  therefore  we  must  classify  it  with  the  same 
group. 

The  Chairman  said  he  received,  by  the  last  Australian 
mail,  copies  of  the  reports  of  the  Inspectors  of  Mines  in 
New  South  Wales  for  the  last  year.  The  mines  appeared 
to  be  in  a  very  efficient  stete,  but  he  had  not  had  time,  as 
y6t>  to  compare  the  results  as  to  accidents  with  the  quantity 
of  coal  got. 

At  the  Ordinary  Meeting  of  the  Society,  held  on 
Tuesday,  21st  December,  1875, 

Mr.  John  Aitken,  Vice-President,  F.G.S.,  in  the  Chair. 

Mr.  John  Higson,  Manchester,  and  Mr.  Joseph  Thompson, 
Norley  Colliery,  Wigan,  were  duly  elected  Ordinary  Mem- 
bers of  the  Society. 

The  following  Presents  to  the  Library  were  announced  by 
Mr.  Forbes,  Hon.  Secretary : — 

Journals,  &c.,  feom  the  Societies  : — 

1.  Geological  Society  of  London. — Abstracts  of  Proceedings, 

1875-6. 

2.  Geologist's  Association. — Proceedings  No.  5,  Vol.  IV. 

3.  South  Wales  Institute  of  Engineers. — No.. 4,  Vol.  IX. 

4.  Journal   of  the  Royal  Institution  of  Cornwall. — Nos.  16 

and  17. 

5.  North  StaflPordshirc  Naturalist's  Field  Club. — Report,  1875. 

6.  Journal  of  the  Royal  Geological  Society  of  Ireland. — Part 

2,  Vol.  IV. 

7.  Proceedings  of  the  Royal  Physical  Society  of  Edinburgh, 

1874-5. 

8.  Dundee  Free  Library  Report,  1875. 

9.  Dresden  Natural  History  Society,—**  Isis."     Part  1,  1875. 
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ON  MEASURING  Alfe  IN  MINES. 

By  Joseph  Dickinson,  F.G.S.,  •    ■■ 

JTl  M.  Inspector  if  Mines. 

Anemometers,  or  air-meters,  as  ihej  are  often  called,  are 
now  in  common  use  for  measuring  the  velocity  of  air 
currents  in  mines.  Forty  years  ago  they  were  seldom  seen. 
The  methods  then  practised  are  described  in  the  well-known 
report  prepared  by  Mr.  James  Mather,  Honorary  Secretary 
of  the  South  Shields  Committee  appointed  in  the  year  1839 
to  investigate  accidents  in  mines.  They  were  by  the  smoke 
of  gunpowder  or  tobacco,  and  the  regulated  pace  of  a  person 
by  the  flame  of  a  candle.  No  mechanical  appliance  appears 
to  have  been  in  use.  The  report  refers  to  an  anemometer 
constructed  by  Mr.  Thomas  Elliot,  (a  brother  of  the  present 
baronet.  Sir  George,)  in  1835,  when  an  overman  of  Fensher 
Colliery,  which  worked  by  "the  air  acting  on  four  wands 
similar  to  a  windmill,  which  met  so  strongly  with  the  ap- 
proval of  the  coal  owners  that  in  that  year,  at  their  meeting 
at  Newcastle-on-Tyne,  they  presented  him  with  ten  guineas 
for  his  invention,  but  they  did  not  adopt  it  in  one  of  their 


mines.** 


The  first  anemometers  which  appear  to  have  come  into 
general  use  in  mines  were  those  of  M.  Charles  Combes,  of 
Paris,  and  Mr.  Benjamin  Biram,  of  Wentworth,  Yorkshire, 
both  being  similar  in  principle  to  Mr.  Elliot's.  Mr.  Combes, 
in  his  valuable  work,  "  Traits  de  TExploitation  des  Mines, 
1844,"  refers  to  a  description  of  his  anemometer  written  by 
him  in  the  "  Annales  des  Mines,''  by  which  it  appears  that 
his  anemometer  was  introduced  in  1837.  Mr.  Biram's 
anemometer,  it  seems  by  the  patent  specification,  was  sealed 
8rd  August,  1842,  the  scope  of  it  being  for  registering  the 
velocity  of  bodies  propelled  through  water  or  wind  and 
employment  for  paddle  wheels,  stem  propellers,  and  other 
rotary  engines.^'    M.  Combes'  instruments  seem  to  have 


\^*cii  rnuMi/:  bv  K.  Xewman.  of  Paris  and  Mr.  Biram's  bv 
Mr  Ihivift,  f/f  JLkrb%', 

\UAntu¥ni\  arj^/monurter,  consisting  of  four  rerolving 
)ifitmHp\ittn(:^\  boUow  caps  fixed  on  fonr  arms  radiating  from  a 
rjittirt;  ^siH  ry/ijirn^/nlv  ased  on  observatories),  have  as  vet  been 
but  Ijttb;  uit<:rl  in  mines.  It  appears  by  F.  Pastorelli  &  Go.'s 
work  on  htarjrlard  instruments,  and  bv  other  authorities,  that 
thiM  uiictnometer  was  invented  by  Dr.  Robinson,  of  Armagh, 
and  t}iat  it  wuh  used  in  tidal  and  meteorological  obsenntions 
on  tli(}  (UfOHi  of  Ireland  in  1850.  It  is  also  stated  that  Dr. 
JUfhiumUf  after  u  series  of  carefully  conducted  experiments, 
found  fliui  f  liese  6ups  fixed  upon  a  vertical  axis  travel  at  the 
rnU)  <if  on(j-tliird  of  that  of  the  wind,  and  that  this  law 
oxislM  irroMixjctively  of  the  size  of  the  cups  or  the  length  of 
tlin  aniiH. 

Anotlior  conibinution  of  the  windmill  anemometer  has 
roconily  (joiiio  into  use  in  mines.  The  arrangement  is  attri- 
buted (()  Dr.  l*iirkoH,  F.R.S.  for  whom  it  is  said  to  have 
hiHHx  orii^inally  nuido  by  Mr.  Lowndes,  a  working  instrument 
maker  in  Loudon.  This  instrument  is  sometimes  known  as 
tho  (^issolu  or  Oasartelli  anemometer. 

All  windmill  auemomotera,  it  will  be  imderstood,  require 
tiiuiugt  und  also  correction,  in  order  to  ascertain  the  true 
voliHHtv  of  tho  air  from  tho  number  of  revolutions. 

Anomouiotors,  •'  a  mere  inspection  of  which  would  enable 
(U\  otKeor  to  ascoxtain  in  an  instant  the  exact  velocity  of 
tli«  »ir,  without  the  necesMty  of  timing  or  correcting,"  have 
long  boon  known,  but  tho  only  one  that  I  know  of  as  being 
in  u«>  in  mui09«  is  tho  ono  devised  by  myself  about  twenty- 
11t«i  ye^Tft  «ig\\  which  is  known  as  the  Dickinson  anemometer. 
By  WMau  of  this  the  velocity  of  the  air  may  be  read  off 
il  a  i^MMML  II  ccmsists  of  a  lights  counterpoised*  fiat  &n. 
pibla^  wlock  »  usiuiUy  mado  of  talc,  and  hung  iqpon  two 

ao  as  to  be  awiljr  moTcd  by  the  air  cuRoit. 
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Alongside  of  the  fan-plate  there  fA  a  quadrant,  graduated 
and  figured — the  figure  up  to  which  the  fan-plate  is  blown 
being  the  velocity  of  the  air,  in  feet,  per  minute.  There  is 
also  a  spirit  level,  for  setting  th^  instnunent  level.  In 
using  this  instrument  all  that  is  requisite  to  ascertain  the 
number  of  cubic  feet  of  air  passing  per  minute  is  to 
multiply  the  velocity  indicated  by  the  anemometer  into  the 
area  in  feet  of  the  place  where  the  observation  is  taken. 
These  anemometers  have  been  made  only  by  Mr.  Gasartelliy 
of  Manchester. 

A  modification  of  the  Dickinson  anemometer,  which  I 
have  seen  permanently  fixed  in  the  Bardsley  Colliery, 
Ashton-imder-Lyne,  by  Mr.  George  Wild,  has  the  counter- 
poise made  of  a  balance  weight,  which  is  worked  by  a  chain 
over  a  pulley.  For  a  fixture,  like  this,  the  chain  and 
weight  conterpoise  appears  to  be  an  improvement,  as  the 
friction  of  the  links  of  the  chain  over  the  pulley  imparts 
steadiness  to  the  fan-plate,  and  thus  enables  the  average 
velocity  to  be  better  read  in  intermitting  currents. 

About  the  same  time  as  the  introduction  of  the  Dickinson 
anemometer,  Mr.  John  Phillips,  of  Cornwall,  devised  a 
similar  instrument,  except  that,  as  I  understand,  it  had  no 
coimterpoise. 

M.  Devillez  has  also  introduced  one  on  the  same  principle, 
but  with  a  hollow  cylindrical  cup  instead  of  the  fan-plate. 

Another,  with  a  flat  plate  suspended  by  two  rods,  by  Dr. 
Prestell,  is  described  by  Messrs.  Negretti  and  Zambra,  of 
London,  in  their  illustrated  catalogue  for  1873. 

Mr.  William  Peace,  of  Wigan,  also  patented  an  anemo- 
meter about  twenty  years  ago,  the  moving  power  being  from 
the  action  of  air  on  a  block  of  wood  hung  in  the  downcast 
shaft,  from  which,  by  means  of  a  wire  or  cord,  motion  is 
given  to  a  finger  on  a  dial  plate  above  groimd. 

The  foregoing  anemometers  are  apparently  the  principal 
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ones  whicli  liave  as  yet  been  proposed  for  or  actually  used  in 
mines.  A  variety  of  others,  however,  some  of  ancient  date, 
have  been  used  for  measuring  the  wind  on  the  surface. 

The  first  anemometer  of  which  there  appears  to  be  any 
record  is  attributed  to  Dr.  Croune,  in  1667,  which,  it  is  said, 
did  not  answer  the  purpose  intended.  Better  instruments 
seem  to  have  been  invented  by  other  scientific  men  during 
the  last  century.  The  modes  of  action  comprised  the  com- 
pression of  a  spiral  spring,  the  elevation  of  a  weight  roimd  a 
centre  acting  at  the  arm  of  a  variable  lever,  a  bag  of  air 
communicating  with  a  glass  tube,  in  the  form  of  a  lengthened 
XT,  being  sometimes  substituted  for  the  spring.  An  ane- 
mometer by  Leslie  depended  on  the  principle  that  the 
cooling  power  of  a  current  of  air  is  equal  to  its  velocity. 
Another  instrument  depended  upon  the  evaporation  of  water, 
the  quantity  evaporated  being  proportional  to  the  velocity 
of  the  wind,  varying,  however,  one  would  suppose,  according 
to  the  dryness  of  the  wind. 

Wolfius's  anemometer,  as  described  by  him  in  1746,  con- 
sisted of  four  sails  similar  to  those  of  a  windmill,  but 
smaller,  turning  on  an  axis.  On  the  axis  is  a  perpetual 
screw,  which  turns  a  vertical  cog-wheel  round  a  second  axis. 
To  the  second  axis  is  attached  a  bar  on  which  a  weight  is 
fixed,  so  that  the  sails  cannot  turn  without  moving  roimd 
the  bar  in  a  vertical  circle.  When  the  wind  acts  upon  the 
sails  the  bar  rises,  and  this  continues  until  the  increased 
leverage  of  the  weight  furnishes  a  counterpoise  to  the 
moving  force  of  the  wind.  It  also  appears  to  have  acted  by 
winding  up  a  weight. 

Regnier's  anemometer  indicated  the  pressure  upon  a  dial 
plate,  the  moving  power  being  a  fiat  wooden  surface  on 
which  the  air  acted,  pressing  it  into  a  box  with  springs  and 
tnechanism. 

The  anemometers  of  Dr<   Whewell  and  Mr.  Osier  are 
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described  in  Sir  W.  Snow  Harris's  report  to  the  British 
Association  in  1841-44.  That  of  Dr.  Whewell  was  by 
means  of  a  windmill  fly,  which  worked  an  intermediate 
train  of  wheels  and  caused  the  varying  pressure  to  be  marked 
on  a  fixed  cylinder.  Mr.  Osier's  traced  the  direction  of  the 
wind  and  its  pressure  on  a  given  area,  which  was  moved  by 
clock  mechanism.  An  invention  by  the  Bev.  W.  Foster  is 
also  described  as  ingenious. 

Lind's  anemometer,  which  is  an  inverted  glass  syphon  in 
the  form  of  a  U,  is  described  in  the  Philosophical  Transac- 
tions, 1775.  An  improvement  o{  this  has  been  made  by 
Sir  W.  Snow  Harris,  who,  by  reducing  one  of  the  limbs  to 
the  diameter  of  one-fourth  of  the  tube  which  is  open  to  the 
wind,  and  by  making  the  first  part  of  the  scale  horizontal, 
has  greatly  increased  the  delicacy  of  the  instrument.  He 
also  put  a  plumb  on  it,  and  a  light  vane,  to  facilitate  obser- 
vation. 

As  a  water-gauge^  or  manometer,  the  inverted  glass 
syphon,  known  as  Lind's  anemometer,  is  identical  with  what 
is  now  commonly  used  in  mines  for  measuring  the  pressure 
of  air.  The  water-gauge  introduced  a  few  years  ago  by 
Mr.  John  Daglish,  formerly  of  Hetton  Colliery,  Durham, 
is  on  the  same  principle. 

M.  E.  P^clet,  in  his  valuable  "  TraiU  de  la  Chaleur,  Paris, 
1860,"  says,  that  in  1820,  M.  Kallst^nius  employed  a  mill, 
with  twelve  wands,  to  measure  the  force  of  the  air,  and  he 
decribes  M.  Combes'  anemometer.  He  also  refers  to  a  novel 
one  byM.  Morin,  somewhat  the  same  as  M.  Combes'.  Also 
to  the  apparatus  of  M.  Van  Hecke,  by  which  the  ventilation 
is  registered.  Likewise  to  other  instruments;  in  one 
instance,  by  means  of  the  air  acting  upon  the  surface  of  a 
body  attached  to  one  end  of  an  arm  working  over  a  centre, 
there  being  a  pointer  at  the  other  end  of  the  arm,  which 
indicates  the  force  on  a  dial ;  and  in  another  instance^  by 


36 

the  air  acting  upon  hollow  cylindrical  cups  hung  in  the 
current,  by  which  a  finger  is  worked  on  a  dial  plate.  He 
also  describes  various  water-gauges,  both  for  ordinary  and 
for  great  precision,  including,  amongst  the  latter,  one  having 
one  of  the  limbs  inclined. 

These  are  apparently  the  principal  anemometers  which 
have  as  yet  been  introduced,  either  above  or  below  ground. 
It  is  possible,  however,  that  others  may  have  been  used,  and 
even  that  some  of  them  may  have  been  invented  by  other 
persons  than  those  whose  names  they  now  bear.  Indeed, 
looking  at  the  instruments  generally,  there  is  little  more  of 
any  principle  in  them  beyond  what  appears  either  in  the 
windmill,  or  what  may  be  exemplified  by  a  light  substance 
hung  from  a  cord. 

With  such  a  wide  choice  of  anemometers,  let  it  not,  how- 
ever, be  supposed  that  there  is  no  difiiculty  in  ascertaining 
the  true  average  velocity  of  some  air  currents.  It  is  only 
when  the  current  is  regular  that  implicit  reliance  may  be 
placed  upon  such  instruments.  In  an  intermitting  current 
the  pulsations  are  shown  plainly  enough  by  either  the 
counterpoised  fan-plate  of  the  Dickinson  anemometer  or 
the  pendant  of  other  similar  instruments,  and  in  reading  off 
the  velocity  from  such  the  average  of  the  vibrations  must 
be  taken.  But  with  the  windmill  anemometers  the  altered 
speeds  are  more  difiicult  to  detect,  and  they  are  also  accom- 
panied by  the  serious  defect  that  when  the  intermittance  is 
great  the  number  of  revolutions  recorded  are  so  largely  in 
excess  as  to  be  practically  useless,  owing  to  the  momentum 
which  the  wheel  attains,  when  the  current  is  quick,  carrj^- 
ing  it  (especially  when  the  wheel  is  a  heavy  one,)  with  but 
slightly  lessened  speed  through  the  periods  when  the  current 
is  slow. 

This  exaggeration  of  the  revolutions  of  wheel  anemometers 
in  intermitting  currents  may  be  readily  proved,  either  by 
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watching  the  instnunent  when  blown  upon  in  puSB,  or  by 
passing  it  intermittingly  over  any  given  distance  in  a  still 
atmosphere.  It  may  also  be  proved  by  placing  the  instru- 
ment in  an  intermitting  current,  when  the  actual  average 
velocity  can  be  accurately  known,  as  in  those  cases  where 
the  total  quantity  of  air  passing  is  known  by  having  to  pass 
through  an  air  pump  of  certain  dimensions,  and  making  a 
certain  number  of  strokes  per  minute.  When  furnaces  or 
fans  are  used  as  the  ventilating  power,  the  intermittance  is 
generally  not  of  much  importance,  except  when  air  doors 
are  opened  and  such  like,  or  when  firing  up  the  furnace,  or 
if  there  be  some  irregularity  in  the  construction  or  working 
of  the  fan.  But  with  a  single  air  pump,  worked  with  one 
piston,  or  if  there  be  two  pumps  and  two  pistons,  but  changing 
stroke  at  the  same  time,  the  effect  upon  the  anemometer, 
caused  by  the  intermitting  current,  is  such  that  the  revolu- 
tions are  enormously  increased.  The  intermittance  is  even 
perceptible,  and  affects  the  anemometer  when  there  are  two 
pumps,  one  of  which  changes  stroke  when  the  other  is  at 
half  stroke,  but  this  greatly  lessens  the  injurioiis  effect,  and 
the  current  is  comparatively  steady. 

Similarly  exaggerated  results  also  occur  with  the  windmill 
anemometers  when  they  are  changed  about  at  short  inter- 
vals, as  is  not  uncommon,  in  endeavouring  to  get  an  average 
velocity  of  the  current  in  the  various  parts  of  the  space 
where  the  observation  is  being  taken.  In  these  instances 
the  momentiun  attained  in  the  quick  part  of  the  current 
carries  the  wheel  round  at  a  higher  velocity  than  it  would 
have  attained  in  those  parts  where  the  current  is  slow. 

Inaccuracy  in  this  latter  respect  may,  however,  be  avoided 
by  having  separate  anemometers  placed  at  the  same  time  in 
each  part  of  the  airway  space  where  the  velocity  varies,  and 
averaging  the  results.  When,  however,  only  one  anemo- 
meter is  used  for  measuring  a  current  which  varies  at  dif'< 
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instruments.  For  making  the  correction  in  this  way,  the 
numbers  to  be  added  are  sometimes  given  in  a  tabular  form, 
and  sometimes  in  the  form  of  a  diagram,  from  which  the 
number  has  to  be  measured  by  a  scale.  The  correction,  as 
before  stated,  varies  with  each  anemometer ;  but  with  Biram 
anemometers  of  like  construction,  and  registering  revolutions 
without  any  attempted  correction  in  the  instrument,  the  re- 
quired addition  for  corecction  does  not  vary  much,  and  it  would 
appear  that,  with  instnmaents  so  constructed,  the  correcting 
number  to  be  added  diminishes  as  the  velocity  increases,  the 
number  being  often  small  when  the  revolutions  exceed  400 
per  minute.  The  ratio  of  correction  appearing,  generally, 
like  the  asymptote  of  the  hyperbola,  always  approaching, 
but  never  meeting. 

From  these  sources  of  error  in  the  measurement  of  air 
currents  in  mines  many  mistakes  have  apparently  been  made 
in  the  amounts  of  ventilation,  and  when  the  result  has  been 
used  for  determining  the  amotmt  of  power  utilized  by 
ventilating  machines,  the  percentage  has  been  greatly 
exaggerated. 

For  comparative  observations  of  the  ventilation  made  from 
time  to  time  in  a  mine,  the  surest  way  is  to  place  the  same 
anemometer  on  the  same  spot^  and  under  the  same  circum- 
stances, on  each  occasion  relying  upon  revolutions  and  not 
velocity. 

But  for  ascertaining  the  actual  quantity  of  air  passing  in 
a  mine  when  the  current  is  intermitting — so  difficult,  indeed 
almost  insurmountable,  is  the  process  with  an  anemometer — 
that,  wherft  open  lights  are  allowed,  it  seems  preferable 
(although  it  has  been  called  a  barbarous  way)  to  resort  to 
the  old  rough  and  ready  ways,  by  the  smoke  of  gimpowder 
or  tobacco,  or  by  the  flame  of  a  candle,  as  previously 
described ;  and  where  gunpowder,  smoking,  and  open  lights 
are  prohibited,  a  small  balloon  filled  with  gas,  to  float  in  the 
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air  and  bound  about  from  roof  to  floor  and  side  to  side,  as 
carried  by  the  air  current  is  a  good  substitute. 

For  steady  currents,  however,  there  is  nothing  so  good  as 
an  anemometer.  The  candle  cannot  be  carried  with  the 
average  of  the  whole  current,  and  the  smoke  of  powder  or 
tobacco  18  found  to  hang  where  the  current  is  slow,  making 
it  at  times  uncertain  what  portion  o^  the  arrival  should  be 
taken  as  indicating  the  average. 

Similarly  erroneous  computations  of  the  per  centage  of 
power  utilized  by  v^itilating  machines  have  likewise  been 
made,  when,  in  intermitting  currents,  the  pressure  of  air 
(which  is  one  factor  in  the  calculation,)  has  been  taken  by 
the  common  inverted  glass  sjrphon  water-gauge.  Notwith- 
standing that  in  nearly  all  such  gauges  the  tube  is  usually 
contracted  at  the  bend,  the  water  dances  up  and  down  so 
that  it  is  impossible  to  read  off  accurat^ely  the  average 
distance  between  the  two  surfaces. 

The  want  of  a  compensating  water-gauge  for  measuring 
the  pressure  of  intermitting  currents  first  presented  itself  to 
me  in  the  year  1861,  when  measuring  the  amount  of  power 
utilized  by  the  Struve  'air-pumps.  On  that  occasion,  finding  it 
impossible  to  obtain  any  reliable  measure  of  the  average  pres- 
sure of  air  by  the  ordinary  water-gauge,  my  colleagues,  Mr. 
Thomas  Evans,  and  the  late  Mr.  John  Job  Atkinson,  and  my- 
self, used  two  ordinary  buckets  of  water,  one  bucket  being 
placed  outside  and  the  other  in  the  return  air,  the  water  in 
each  being  connected  by  an  India  rubber  tube.  This  method 
served  the  purpose,  but  as  the  buckets  widened  towards  the 
top,  the  area  of  the  surface  of  water  in  each  waJ  not  equal, 
and  consequently  the  depression  of  water  in  one  did  not 
correspond  exactly  with  the  elevation  in  the  other,  which 
made  it  requisite  to  measure  the  height  it  rose  in  one  and 
the  depth  it  fell  in  the  other,  and  to  add  the  two  together 
in  order  to  obtain  the  total  pressure.     A  readier  mode  than 
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the  buckets  of  water,  as  might  be  expected,  soon  occurred 
to  us,  and  in  the  same  year  I  had  a  proper  compensating 
water-guage,  made  by  Mr.  Casartelli,  of  Manchester,  (the 
one  here  shown  to  the  meeting,)  by  which,  no  matter  how 
intermitting  the  current,  an  accurate  measure  of  the  pressure 
may  be  readily  taken,  by  having  the  two  limbs  for  the  water 
so  large  and  the  connecting  aperture  at  the  bottom  so  small 
that  the  flow  of  water  does  not  sensibly  aflect  the  level 
during  the  pulsations.  The  gauge  consists  of  a  brass  box, 
divided  by  a  thin  partition  into  two  chambers,  with  glass 
front,  and  with  the  aperture  at  the  bottom  connecting  the 
water  in  the  two  chambers  regulated  by  a  tap.  The  full  size 
of  the  gauge  is  6  inches  high,  4in.  broad,  and  Sin.  wide ;  the 
4  inches  in  breadth  being  divided  by  the  partition,  making 
the  two  chambers  each  2  by  3  by  6  inches.  The  tap  for 
regulating  the  flow  of  water  between  the  two  chambers 
is  worked  outride,  underneath  the  bottom  of  the  gauge. 
At  the  top  of  one  of  the  chambers  there  is  an  opening  one 
inch  in  area  to  admit  the  pressure  of  air  on  that  side,  and  at 
the  top  of  the  other  chamber  there  is  a  brass  nozzle  for 
inserting  through  an  augur  hole  to  admit  the  pressure  of 
air  at  the  other  side.  There  is  also  a  tap  on  this  nozzle  for 
closing  when  required.  At  each  side  of  the  glass  front,  and 
also  down  the  middle  of  it  in  front  of  the  partition  dividing 
the  two  chambers,  there  are  scales  graduated  into  inches 
and  tenths,  so  that  the  difference  between  the  level  of  the 
water  in  the  two  chambers  may  be  accurately  seen.  Mr. 
Atkinson  soon  afterwards  had  also  a  gauge  of  the  same  kind 
made  for  hitiself ,  but  his  had  a  pipe  which  came  outside  for 
connecting  the  two  chambers  at  the  bottom,  instead  of  a  tap 
regulating  the  size  of  a  hole  in  the  partition,  as  in  mine. 
These  two  compensating  water-guages  were  probably  the 
first  of  the  kind  used  in  this  coimtry ;  but  on  afterwards 
using  them  in  testing  some  of  the  ventilating  machines  in 
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Belgium,  we  were  informed  that  similar  gauges  had  been 
previously  used  by  the  ingenious  mining  engineers  in  that 
country. 

The  Chaibman  said  he  was  glad  to  find,  from  the  large 
attendance  of  gentlemen  interested  in  collieries,  that  the 
subject  brought  under  their  notice  by  Mr.  Dickinson  was 
thoroughly  appreciated.  He  knew  of  no  subject  which 
could  be  of  greater  interest  or  importance,  at  the  present 
moment,  than  that  relating  to  the  ventilation  of  mines,  and 
the  contrivance  of  means  whereby  the  safety  of  workers 
could  be  ensured,  and  the  calamitous  explosions,  which  of 
late  had  been  of  too  frequent  occurrence,  might  be  prevented. 

On  the  motion  of  Mr.  Wild,  seconded  by  Mr.  P.  Pickup, 
a  vote  of  thanks  was  passed  to  Mr.  Dickinson  for  his  paper. 

The  Chairman  having  intimated  that  the  subject  was 
open  for  discussion. 

Mr.  J.  Thompson  (Norley  Colliery,)  said  that  every  one 
must  have  been  pleased  with  Mr.  Dickinson's  treatment  of 
the  subject ;  but  he  (Mr.  Thompson)  must  say,  in  reference 
to'"  standard  anemometers,"  that  he  did  not  think  there  was 
a  standard  anemometer  in  existence.  There  were  no  reliable 
data  on  which  to  certify  the  accuracy  of  any  instrument. 
In  the  second  place,  he  did  not  know  that  it  was  possible 
accurately  to  measure  the  velocity  of  the  air  current  in  any 
air  way,  even  supposing  there  was  a  standard  anemometer 
in  use,  on  account  of  variations  in  the  movement  of  the 
current  along  the  goaf.  He  mentioned  these  points  for  the 
purpose  of  eliciting  discussion. 

Mr.  Herbert  Fletcher  said  it  was  not  of  so  much 
consequence  that  they  should  know  the  exact  quantity  of 
air  circidating  through  a  mine,  as  it  was  that  they  should 
ascertain  the  variations  occurring  from  time  to  time. 

Mr.  Jacob  Higson  said  there  must  be  some  data,  as  for 
instance  a  calcxdation  of  the  rate  at  which  powder  smoke 
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would  travel,  or  of  the  rate  at  which  any  moveable  body  in 
an  atmosphere  in  agitation  would  move,  before  they  coidd 
construct  an  instrument  for  measuring  the  air  current. 
There  might,  it  was  true,  be  no  standard  anemometer,  but 
it  did  not  follow  that  there  were  not  laws  by  which  they 
were  to  be  governed,  and  no  standpoints  from  which  to  work 
in  the  construction  of  those  standards ;  and,  if  he  gathered 
the  tenour  of  Mr.  Dickinson's  paper  aright,  his  (Mr.  Dick- 
son's) object  was  to  turn  people's  attention  to  this  subject, 
with  a  view  to  the  determination  of  some  standard,  or 
broad  principle,  which  should  guide  them  in  the  construc- 
tion of  anemometers.  One  thing  mentioned  by  Mr.  Dickin- 
son had  struck  him — the  use  of  small  air  balloons.  Mr. 
Dickinson  had  stated  that  the  balloons,  attached  to  a  string, 
in  an  air- way,  would  sometimes  rise  to  the  roof,  then  the 
sides,  and  often  strike  the  floor.  In  calculating  the  distance 
travelled  by  an  air  balloon  in  a  given  time,  it  was  clear  that 
imless  they  took  the  angles  from  roof  to  floor,  and  from 
floor  to  sides,  they  would  not  get  at  a  correct  calculation. 
That  was  the  only  point  in  the  paper  on  which  he  was 
disposed  to  offer  any  divergence  of  opinion. 

Mr.  W.  H.  J.  Traice  said  it  occurred  to  him  that  if  they 
had  no  standard  anemometer,  they  had  at  any  rate  the  plan 
of  testing  the  accuracy  of  such  an  instrument,  which  he 
(Mr.  Traice)  knew  was  used  by  Mr.  Daglish,  Mr.  Atkinson, 
and  others.  Assuming  that  air,  in  motion,  infringing  upon 
any  surface  at  a  certain  speed  had  the  same  effect  as  if  a 
body  was  moved  against  the  air,  if  that  could  be  accepted  as 
absolutely  true,  theoretically  and  practically,  there  was  no 
doubt  whatever  that  the  moving  an  anemometer  against 
the  air,  at  the  end  of  a  radial  arm — supposing  that  all  proper 
means  were  taken  to  provide  uniformity  of  movement — did 
at  any  rate  enable  them  to  get  a  standard  measurement,  or 
standard  mode  of    testing  an  instrument^  and  that,   if  it 
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were  possible  to  have  all  instriunents  tested  by  apparatiis  of 
that  kind,  would  be  a  very  good  starting  point  towards 
getting  a  standard  anemometer,  he  was  of  opinion  that 
the  Dickinson  anemometer,  as  a  means  of  indicating 
sadden  changes  in  the  velocity  of  the  air  current,  would  be 
an  admirable  cheque  upon  the  Biram  instruments.  But  we 
could  not  avoid  calling  attention,  in  reference  to  the  prevail- 
ing error  in  the  Biram  group  of  anemometers, — the  con- 
tinuance of  the  movement,  after  the  immediate  effect  had 
been  registered — ^that  it  was  not  important  in  estimating  the 
quantity  of  air  passing  through  a  mine.  The  obstruction  of 
the  air  way  by  the  body  of  the  observer  was,  moreover,  not 
sufficiently  taken  into  accoimt.  With  reference  to  Mr. 
Fletcher's  remark,  he  supposed  that  practical  men  would 
admit  the  possibility  of  ascertaining  the  sufficiency  of  air  in 
a  mine,  without,  by  means  of  an  anemometer,  measuring  the 
exact  quantity.  But  the  law  required  that  there  should  be 
a  proper  quantity  of  air,  and  that  the  air  should  be  measured, 
in  order  that,  in  the  event  of  accident,  the  precise  quantity 
passing  through  in  a  given  time  might  be  known.  Hence 
the  best  means  of  curing  an  evil  is  getting  to  thoroughly 
understand  its  nature  and  dimensions. 

Mr.  John  Higson  said  he  had  often  found,  in  measuring 
the  velocity  of  air  currents,  that  the  Biram  anemometer, 
owing  to  friction,  did  not  register  so  much  as  the  Dickinson 
instrument.  Extended  over  a  period  of  time,  however,  it 
was  possible  that  the  Biram  might  give  almost,  if  not  quite, 
as  accurate  a  measurement  of  wind  as  the  Dickinson. 

Mr.  Thompson  (to  Mr.  Dickinson) :  Will  you  be  good 
enough  to  state  what  your  anemometer  is  graduated  to  P 

Mr.  Dickinson  :  You  may  have  it  graduated  to  what  you 
like  by  regulating  the  weight  of  the  fan  plate  and  the 
counterpoise,  but  there  is  a  limit  up  to  which  the  whirling 
machine  can  be  used  for  setting  the  instrument  by.     For 
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instance,  you  cannot  whirl  the  machine  round  beyond  certain 
speeds ;  therefore,  so  far  as  the  instrument  can  be  graduated 
by  the  whirling  machine,  it  does  not  go  up  to  perhaps  more 
than  700  feet  per  minute. 

Mr.  Thompson:  It  struck  me  that,  possibly,  the  fan, 
imder  a  high  velocity,  might  be  thrown  outside  the  gradua- 
tion. 

Mr.  Dickinson  :  Certainly  it  would  be,  if  the  speed  were 
quicker  than  the  instrument  was  made  to  register. 

Mr.  John  Higson  :  It  is  frequently  the  case  with  the 
ordinary  anemometer. 

Mr.  Thompson  :  That  instrument  is  graduated  to  700 
feet. 

Mr.  Dickinson  :  It  is ;  but  you  will  not  find  two  alike. 
Each  instrument  is  set  upon  its  own  merits,  and  graduated 
upon  the  whirling  machine,  or  set  by  one  which  has  been  so 
graduated,  by  actual  experiment ;  so  that,  whatever  variation 
there  may  be  in  the  weight  of  the  fan  plate  on  the  counter- 
poise is  corrected  by  the  height  to  which  the  fan  plate  is 
blown  whilst  the  instrument  is  being  graduated.  The  usual 
way  with  these  anemometers  is  to  have  them  set  at  what  is  a 
convenient  average.  You  may  not  always  find  it  absolutely 
necessary  to  measure  the  current  of  air  where  the  velocity  is 
1,200  feet  per  minute.  If  you  take  the  Biram  anemometer 
and  put  it  in  a  current  of  1,200  feet  per  minute,  it  may,  like 
the  one  I  now  show  you,  be  blown  to  pieces.  That  is  how 
this  instrument  was  broken — ^placing  it  in  a  current  too  great 
for  the  instrument  to  bear.  Moreover,  in  an  air  current  of 
over  1,000  feet  per  minute  you  scarcely  get  either  lamp  or 
candle  to  bum.  Nearly  all  the  currents  we  have  to  deal 
with  in  mines  are  imder  that  figure  ;  so,  if  that  instrument 
was  registered  up  to  700,  you  would  probably  find,  in  some 
part  of  the  air  way,  the  current  sufficiently  reduced  to  render 
that  applicable. 
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Mr.  Herbert  Fletcher  said  that  the  first  anemometer 
ahown  to  the  meeting  by  Mr.  Dickinson,  (the  Cassela  or 
Gassartelli  Biram),  would  stand  a  very  strong  current  of  air. 
He  had  known  them  to  indicate  velocities  of  over  2,000  feet 
per  minute  without  showing  any  sign  of  deterioration.  One 
advantage  of  the  whirling  machine  over  the  fan,  was  that 
the  observer  could  hold  it  further  from  his  body.  The  fan, 
on  the  other  hand,  required  minute  inspection,  and  the 
placing  of  a  lamp — ^giving,  if  a  safety  lamp,  but  a  dim  light — 
close  to  it  during  the  observation.  For  his  own  use,  he  pre- 
ferred the  whirL'ng  machine,  and  he  wished  to  know  if  Mr. 
Dickinson  did  not  think  that  the  liability  to  error,  arising 
from  the  generation  of  momentum  had  not  been  rather 
overstated,  and  whether  passing  that  instrument  through 
currents  of  varying  velocities,  the  speed  which  had  failed 
to  be  obtained  during  the  time  of  its  passage  from  the 
slower  into  the  stronger  current,  was  not  coimterpoised  by 
the  velocity  failed  [to  be  lost  in  passing  from  the  stronger 
current  to  the  slower  ?  Of  course,  the  machine  did  not 
change  it^  velocity  as  quickly  as  the  current  in  which  it  was 
placed.  In  support  of  his  preference  for  the  Biram  instru- 
ment, he  would  say  that  in  the  collieries  with  which  he  was 
connected,  measurements  were  taken  on  a  larger  scale,  very 
frequently,  both  in  the  return  and  intake  air-wags  in  a 
manner  the  correspondence  of  which  gave  great  satisfaction, 
and  enabled  great  faith  to  be  placed  in  the  correctness  of  the 
observations.  He  had  got  Mr.  Casartelli  to  construct  an 
instrument,  with  a  dial  to  be  placed  on  the  outer  wall  of  the 
cupola,  or  upcast  pit,  by  which  the  velocity  of  the  air  current 
could  be  read.  (One  of  these  instruments,  Robinson's  cups, 
he  exhibited  to  the  meeting.) 

Mr,  John  Higson  said  that,  of  course,  all  air  currents 
fluctuated,  or  varied,  but  with  a  fan  constructed  on  soimd 
principles,  or  with  a  furnace  of  ordinary  construction,  the 
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variations  in  a  well-conducted  mine  would  not  be  very  great. 
He  found,  in  practice,  that  the  Dickinson  anemometer  regis- 
tered a  larger  amount  through  any  given  space  of  time  than 
the  BirauL  That  had  been  usually  and  generally  the  case, 
and  it  seemed  to  him  that  the  question  of  friction,  in  the 
Biram  instrument,  was  overlooked.  If  not,  he  would  like  to 
hear  from  Mr.  Dickinson  how  it  was  to  be  accoimted  for. 

Mr.  Dickinson  said  that  the  points  which  Mr.  John  Higson 
and  others  had  referred  to  in  the  debate,  were  explained  in 
his  paper.  He  had  given  the  formula  which  had  been  in 
existence  since  M.  Coombes  wrote  his  book,  in  1844,  and  which 
was  still  in  use  except  that,  in  this  coimtry  they  sometimes 
changed  the  letters — ^which  meant  nothing — and  he  had  also 
explained  that,  before  they  could  ascertain  the  actual 
velocity  of  air  by  any  windmill  anemometer,  they  must 
either  use  that  formula  for  correcting  the  revolutions  into 
velocity,  or  they  must  use  an  addition  of  some  kind  either  by 
figures,  arrived  at  by  testing  the  instrument  on  a  whirling 
machine  ;  or  they  must  measure  the  desired  number  from  a 
diagram  which  represented  the  addition  that  was  required 
for  the  anemometer  in  hand.  Each  windmill  anemometer 
required  a  different  table  of  correction  for  itself ;  but  that 
there  was  no  standard  anemometer  for  steady  currents,  as 
Mr.  Thompson  supposed,  was,  he  thought,  a  pure  fancy. 
They  could  get,  with  the  present  whirling  machine,  a 
standard  anemometer  almost  theoretically  correct.  The  only 
error  that  could  be  detected  was  the  difference  between  an 
instrument  being  presented  with  its  flat  surface  to  the  wind, 
and  the  fact  that,  in  the  whirling  machine,  they  had  to 
whirl  it  round  in  a  circle,  so  that  at  all  times  the  front  was 
not  exactly  presented  to  the  air.  With  that  little  error, 
anemometers  might  be,  and  were,  set;  and  the  whirling 
machine  now,  by  means  of  a  weight,  could  be  made  to  move 
with  all  the  steadiness  of  a  clock  ;  so  that  when  an  instru- 
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ment  like  the  Dickmson  anemometer  was  put  upon  it,  and 
whirled  round,  with  the  weight  loaded  to  a  certain  degree, 
it  worked  as  steadily  as  if  fixed  in  a  regular  current.  Mr. 
Jacob  Higson  had  made  some  remarks  upon  the  use  of  small 
air  balloons.  He  Qlr.  Dickinson)  thought  it  would  give  an 
exaggerated  measurement  if  they  took  the  zigzag  direction 
in  which  a  balloon  travelled  in  an  air  course.  The  current, 
as  many  of  us  knew,  was  not  always  straight  along  the  air 
course;  the  balloon  would  naturally  follow  the  direction 
which  the  air  took ;  and  in  an  intermitting  current  would 
give  as  accurate  a  measurement  as  it  was  possible  to  obtain. 

The  Chairbian  suggested,  as  a  means  of  making  the 
Biram  instrument  effective  in  intermittent  currents,  the 
employment  of  a  delicate  spring,  sufficient  to  overcome  the 
momentum. 

Mr.  Smethurst  mentioned  a  contrivance  of  his  own  for 
testing  the  principle  of  the  Biram  and  Dickinson  anemo- 
meters, the  main  features  of  which  were  the  use  of  governor 
balls  for  regulating  speed  in  intermittent  currents,  and  the 
self-registration  of  results  by  means  of  a  pencil  upon  paper. 

Mr.  Garfokth  having  offered  some  observations, 

Mr.  Dickinson,  in  closing  the  disciission,  said  that  in  his 
paper  he  had  not  expressed  a  preference  for  one  anemometer 
over  another.  He  had  simply  given  the  meeting  a  descrip- 
tion of  each  one  that  he  knew  of,  and  mentioned  the  sources 
of  error  to  which  they  were  liable.  The  liability  to  error 
was  clearly  pointed  out,  in  his  paper,  of  all  the  mill 
machines,  including  Robinson's  cups.  There  was  not  an 
anemometer  of  that  description  in  use  that  was  not  liable  to 
the  objection  of  which  he  had  spoken :  the  momentum 
carried  it  over  the  slow  speeds,  and  a  record  was  not 
furnished  of  the  average  velocity  of  the  air.  He  preferred, 
for  general  purposes,  the  Dickinson  anemometer,  on  account 
of  the  expedition  with  which  observations  might  be  made  by  it. 
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At  the  Ordinary  Meeting  of  the  Members,  held  at 
the  House  of  the  Literary  and  Philosophical  Society, 
George  Street,  on  Tuesday,  25th  January,  1876. 

Mr.  J.  Dickinson,  V.P.,  F.G.S.,  H.M.  Inspector  of  Mines, 

in  the  Chair. 

The  CHAiRiiAN  said  that  the  society  was  becoming  pos- 
sessed of  a  large  number  of  valuable  books ;  the  only  draw- 
back was,  that  they  were  short  of  room  for  book  cases  to  put 
them  in  :  the  books  were  not  taken  out  of  the  library,  and 
read,  by  as  many  of  the  members  as  one  might  suppose  would 
be  wishful  to  avail  themselves  of  such  opportunities.  He 
supposed  the  members  were  all  aware  that  they  might  take 
books  home  to  read. 

Mr.  Plant  said  that  the  catalogue  informed  the  members 
of  that.  He  thought  an  appeal  might  be  made  to  the  mining 
members  of  the  society,  so  that  they  might  have  some  papers 
at  their  meetings,  directly  bearing  upon  mining  operations 
in  the  county,  especially  by  those  members  who  were  pro- 
prietors of,  or  had  to  do  with,  mines.  He  observed,  almost 
with  regret  that,  in  other  societies  in  Manchester,  it  was  quite 
an  ordinary  thing  to  see  excellent  papers  upon  mining  sub- 
jects brought  forward,  though  the  societies  in  question  did 
not  so  directly  deal  with  mining — geological  mining 
especially — as  their  own  did.  It  seemed  almost  as  if  the 
activity  of  the  colliery  proprietors,  and  coal  miners,  was 
directed  more  in  the  path  of  the  newer  societies  than  in  that 
of  the  older  society,  the  Manchester  Geological  Society, 
which  was  a  circumstance  to  be  regretted.  He  referred, 
especially  to  a  paper  to  be  read  that  evening  by  Mr. 
Alderman  Taylor,  of  Rochdale,  on  the  positive  as  against 
the  negative  system  of  ventilating  mines.     There  was  no 
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doubt  that  8uoh  a  paper  would  have  been  as  serviceable  there 
as  it  was  likely  to  be  at  a  meeting  of  the  Society  for  Pro- 
moting Scientific  Industry. 

The  Chairman  said  that  such  a  paper  as  Mr.  Plant  had 
referred  to,  would  have  been  a  suitable  paper  to  be  read  at  a 
meeting  of  the  Geological  Society,  one  of  whose  objects  was 
mining.  He  did  not,  however,  think  that  a  lecture  to  the 
coal  owners  was  exactly  suitable,  at  the  present  moment, 
inasmuch  as,  at  their  last  meeting,  a  paper  upon  a  mining 
subject  was  read,  and  he  was  happy  to  say  there  was  not  a 
vacant  seat  in  the  room. 

Mr.  AiTKEN  read  a  paper  "On  Drift  Deposits  on  the 
Western  Pennine  Slopes  of  the  upper  drainage  of  the  Rivers 
Calder  and  Irwell,  with  suggestions  as  to  the  cause  of  the 
partial  absence  of  drifts  on  the  Eastern  Slopes." 

For  many  years  past  the  attention  of  geologists  has  been 
more  or  less  directed  to  the  fact  that  a  marked  difference 
exists  in  the  distribution  of  drift  on  the  opposite  sides  of  the 
Pennine  chain,  a  difference  amounting  in  some  instances  to 
an  entire  absence  of  that  material  on  the  easterly  slopes  for 
many  miles  from  the  watershed  of  the  country,  and  over  a 
considerable  portion  of  its  length.  Notwithstanding  that 
these  deposits  overspread  the  great  plains  of  Lancashire  and 
Cheshire  in  great  force,  and  are  found  mounting  up  on  the 
flanks  of  those  hills  on  their  western  sides  to  very  consider- 
able elevations,  approaching  closely  in  some  cases  to  the 
culminating  ridge,  and  in  others  where  the  chain  is  crossed 
by  intersecting  valleys  to  some  hundreds  of  feet  in  excess 
of  the  summit  level  of  these  gorges.  It  would  further 
appear,  from  facts  hereafter  to  be  adduced,  that  although 
some  of  these  cross  valleys  attain  to  only  very  moderate 
altitudes,  that  no  communication  existed  during  the  glacial 
period  of  such  a  character  as  to  permit  of  the  passage  of  a 
bodv  of  land  ice  from  one  side  of  the  chain  to  the  other. 
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Whilst,  however,  these  phenomena  have  not  escaped  the 
notice  of  those  observers  who  have  more  particularly  of  late 
years  directed  their  attention  to  the  surface  deposits  of  the 
northern  counties  of  England,  reference  having  been  made 
to  the  subject  by  Messrs.  Tiddeman,  Goodchild,  Binney, 
Green,  Foster,  Dakyns,  Ward,  and  others,  yet  no  serious 
attempt  has,  I  believe,  so  far  been  made  to  grapple  fully 
with  the  question. 

The  subject  has  long  perplexed  me  amongst  other 
observers,  and  it  is  only  after  a  lengthened  consideration 
that  I  have  ventured  to  suggest  a  theory  which,  whilst  offer- 
ing an  explanation  of  the  phenomena,  does  no  violence  to 
any  of  the  well-established  principles  of  physical  or  geological 
science.  My  object  then,  in  the  present  communication,  is  to 
supply  this  desideratum,  and  to  show  that  the  whole  of  these 
phenomena  are  explicable  on  the  supposition  that  during  the 
flow  of  the  great  ice  sheet,  from  the  north,  over  this  region, 
these  intersecting  channels  were  sealed  and  blocked  up  so 
effectually  as  to  completely  cut  off  all  communication  between 
the  eastern  and  western  sides  of  the  Pennine  chain,  and  that 
the  only  agent  fully  meeting  the  requirements  of  this  sup- 
position, is  that  of  ice,  or  snow,  so  consolidated,  and  fixed  in 
the  sinuous  channels  as  to  remain  stationary  and  inert,  while 
the  great  mass  of  glacial  ice,  in  two  sheets,  separated  by  the 
more  elevated  portions  of  the  great  anticlinal  range  traversed 
its  eastern  and  western  sides  in  its  march  from  north  to 
south. 

That  vast  masses  of  drift  deposits  overspread  the  wide 
plains  of  western  Lancashire  and  adjoining  counties,  extend- 
ing from  the  Irish  Sea,  in  one  unbroken  sheet,  to  the  slopes 
of  the  Pennine  chain,  and  thence  mounting  up  to  higher 
levels  and  penetrating  almost  every  upland  valley  and  moun- 
tain gorge  to  considerable  elevations,  is  too  well  known  and 
too   generally   acknowledged,  to  require  any  amplification 
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from  me  on  the  present  occasion.  Having,  however,  traced 
these  deposits  in  several  situations  in  the  neighbourhood  of 
Bacup,  and  at  other  places  bordering  the  valley  of  the  river 
Irwell  at  elevations  not  previously  suspected.  I  propose 
before  dismissing  the  subject  to  direct  the  attention  of  the 
Society  to  such  facts  as  have  come  under  my  notice,  and 
which  I  conceive  are  calculated  to  throw  light  upon  the 
arguments  to  be  adduced  during  the  course  of  this  paper. 
I  have  previously  drawn  attention  to  the  fact  of  drift 
occurring  on  Holcomb  Kill  (1)  and  on  Homcliffe  Moor  (2), 
the  former  at  an  elevation  of  1162  feet,  and  the  latter 
at  1060  feet.  I  have  also  found  it  at  Higher  Stack,  Bacup, 
at  1110  feet;  at  the  source  of  the  Easden  Clough,  near 
Dirpley  Toll  Bar,  at  about  1100  feet ;  in  Shedding  Olough, 
a  tributary  of  the  River  Brun,  at  1040  feet,  and  a  silurian 
pebble  at  1280  feet ;  in  Cant  Clough,  another  feeder  of  the 
same  river,  at  940  feet,  and  a  felstone  and  silurian  pebble  at 
1115  feet ;  on  the  flanks  of  Blackstone  Edge,  on  both  sides 
of  the  entrance  to  the  Walsden  valley,  at  930  feet ;  on  Bull 
Hill,  near  Ramsbottom,  pebbles  of  volcanic  ash,  silurian  grit 
and  quartzite  (and  a  number  of  fragmentary  pieces  of  flinty 
all  of  which  exhibited  unmistakable  evidence  of  having 
been  worked  by  the  hand  of  man,  and  which  had  doubtless 
been  carried  there  by  his  agency),  at  1371  feet;  on 
Gribden,  near  Rawtenstall,  a  stone  of  volcanic  ash,  at  1300 
feet ;  and  on  Brandwood  Moor,*  lying  between  Bacup  and 
Rochdale,  a  considerable  number  of  silurian  grit,  quartzite, 
and  syenite  boulders  and  pebbles.  It  thus  appears  that  drift 
attains  an  average  level  of  from  1100  to  1200  feet,  on  the 
western  side  of  the  watershed  of  the  country  in  the  locality 
under  consideration,  and  that  stray  pebbles  and  boulders 

(1}  Transactions  Manchester  Geological  Society,  vol.  vii.,  page  80,  (2)  ibtd, 
ToL  zii.,  page  42. 

*  Transactions  of  the  Manchester  Geological  Society,  toI.  xiii,  p.  133. 
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occur  at  elevations  of  about  200  feet  in  excess  of  that  limit. 
These  erratic  stones,  found  scattered  on  the  summits  and 
sides  of  the  hills  above  the  line  at  which  beds  of  till  and 
gravel  disappear,  I  do  not  regard  as  belonging  to  the  period 
of  land-ice;  but  that  they,  in  all  probability,  owe  their 
origin  to  the  agency  of  icebergs  during  the  submerged  or 
interglacial  period,  when,  according  to  most  glacialists, 
the  country  suffered  a  depression  of  at  least  1200  or  1300 
feet  from  its  present  level.  That  glacial  ice  did  not  pass 
over  the  summit  of  Bull  Hill  may  be  confidently  inferred 
from  the  vast  array  of  perfectly  angular  soft  grit  stones,  of 
apparently  local  origin,  which  encumber  its  crest,  and  which 
must,  on  the  supposition  of  its  submergence  beneath  a  sheet 
of  ice,  have  been  either  entirely  swept  away,  or  so  modified  by 
its  grinding  and  abrading  action  as  to  leave  no  doubt  as  to 
its  former  presence  there.  In  a  paper  read  by  Mr.  Binney, 
F.R.S.,  at  the  Manchester  Literary  ana  Philosophical 
Society,  December  27th,  1870,  the  presence  of  foreign 
boulders  in  these  elevated  situations,  is  attributed  to  other 
causes.  After  describing  the  scattered  blocks  of  stone  which 
are  found,  more  or  less,  on  the  tops  and  sides  of  the 
crescents  of  hills,  from  south  of  Clulow  Cross,  through 
Cheshire  and  Derbyshire,  to  Rivington  Pike,  in  Lanca- 
shire, and  further  northwards,  from  heights  varying  from 
1000  feet  to  1400  feet  above  the  Irish  Sea,  he  suggests 
that  they  "are  probably  the  remains  of  a  bed  of  till, 
like  No.  2,*  the  clay  and  pebbles  having  been  removed 
by  denuding  causes  in  the  course  of  a  long  period  of  time." 
I,  however,  see  difficulties  in  accepting  this  conclusion,  on 
the  groimd  that  whilst  foreign  stones  of  very  varying  sizes 
appear  to  be  scattered  over  most  of  the  hills  on  the  western 
flanks  of  the  Pennine  chain,  at  heights  from  1300  to  1400 

*  Having  reference  to  the  classification  of  drift  deposits  adopted  in  this 
paper  by  the  author. 
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feet,  no  clay  or  till  has,  I  believe,  been  detected  at  a  higber 
level  than  1162  feet,  raising  the  presumption  that  they  were 
never  deposited  there,  and  that,  therefore,  a  reason  for  the 
occurrence  of  foreign  stones  in  those  situations  must  be 
looked  for  in  some  other  direction. 

On  the  shoulders  of  the  hills  overlooking  the  southern 
termination  of  the  Walsden  defile,  where  that  valley  opens 
out  into  the  basin  of  the  River  Roach,  at  Summit,  near 
littleborough,  drift  has  been  traced  to  an  elevation  of  930 
feet  above  sea  level,  it  however  appears,  that  although  the 
summit  level  of  the  pass  only  attains  an  altitude  of  627  feet, 
that  all  trace  of  it  disappears  in  a  line  about  coincident  with 
the  watershed  of  the  valley,*  beyond  which  no  deposits  of 
this  character  are  met  with  in  travelling  east  for  a  distance  of 
about  fifteen  miles,t  the  first  indication  of  its  presence  as  a 
regular  bed  of  drift  occurring  in  the  valley  of  the  Calder,  at 
North  Dean,  near  Halifax,  where,  in  sinking  for  the  founda- 
tions of  a  railway  viaduct,  the  following  section  was  taken  by 
Mr.  James  Spencer,  of  Halifax,  to  whom  I  am  indebted  for 
the  particulars : — 

*  Mr.  Binney,  F.R.S.,  in  a  paper  read  before  the  Manchester  Geological 
Society,  in  1859,  on  the  Lancashire  and  Cheshire  drift,  taken  from  the 
MtMchetter  Courier ^  of  April  9th,  1859,  after  referring  to  varioos  elevations 
to  which  drift  has  been  traced  at  several  places  in  these  localities,  states  that 
he  *'  has  little  doubt  but  that  some  of  the  most  ancient  portions  of  it  (drift) 
have  passed  the  pennine  chain  through  the  vallej  of  Todmordcn  to  Hebden 
Bridge,  by  the  summit  valley  above  Littleborough.  As  the  highest  point 
of  the  last-named  valley  is  only  610  feet  4  inches  above  the  level  of  the  sea, 
otlier  portions  may  have  come  by  Bumloy  down  to  Todmorden  through 
the  Portsmouth  (Cli vigor)  valley." 

t  Since  writing  the  foregoing,  Mr.  Robert  Law  has  pointed  out  to  me  a 
anaU  patch  of  fine  clayey  gravel  at  Hamsdcn  dough  Foot,  Cliviger,  about  a 
mile  and  a  half  from  Summit,  in  which  are  included  a  considerable  variety 
of  small  foreign  pebbles.  This  gravel,  however,  presents  a  different  character 
to  the  true  glacial  drift  to  the  west,  and  will  probably  turn  out  to  have  been 
re-arranged  by  pluvial  action  subsequent  to  the  glacial  period.  In  this  view 
I  am  supported  by  the  opinion  of  Mr.  LaW)  the  discoverer^ 
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jSoU Ifoot. 

Fine  alluvial  sand 8  feet. 

Gravel  derived  from  local  rocks v.  2    „ 

Gravel  containing  granite,  trap,  slate, )  o 

and  silunan  rocks  • ;  " 

Feet    14 

It  is,  however,  stated  that  an  occasional  pebble  foreign  to 
the  district  has  been  noticed  in  the  bed  of  the  River  Calder, 
a  little  further  to  the  west  than  the  spot  just  named/ 

Close  to  the  railway  bridge  at  EUand,  in  the  bank  on  the 
south  side  of  the  River  Calder,  imder  about  5  feet  of  sandv 
loam,  a  bed  of  gravel  exists,  about  4  feet  of  which  is 
exposed,  and  which,  I  am  informed  by  Mr.  Davis,  F.G.S., 
of  Greetland,  has  been  proved  by  a  well  sinking  to  be  from 
15  to  20  feet  in  thickness,  in  which  red  granite,  silurian, 
porphyritic  greenstone  and  other  foreign  pebbles  occur,  and 
at  and  below  this  point  examples  of  these  rocks  may  be 
detected  in  the  bed  of  the  river  wherever  gravel  is  exjld. 
This  is  situated  at  an  elevation  of  about  200  feet  above  sea  level. 

At  the  Elland  Railway  Station  the  following  section  has 

been  exposed  by  some  recent  operations  of  the  Company : — 

Ft.  In. 
Soil 1     4 

Fine  subangular  gravelly  surface  wash    2     6 

Loamy  sand 6  inches  to     1     0 

Fine  sandy  gravel 2     6 

Gravel  coarser    than    that    above,  \ 

stones  aU  water- worn  and  much  (      k     a 

abraded,  of  local  origin,  resting  i 

upon  a  bed  of  carbonuerous  shale  ; 

Total 12     4 

*  Dr.  Alexander,  in  describing  the  geology  of  the  pariBh  of  Halifax,  in 

the  Transactions  of  the  Geological  and  Polytechnic  Society  of  the  West 

Riding  of  Yorkshire,  3rd  Jane,  1841,  p.  201,  mentions  *' that  in  prosecuting 

,  the  works  on  the  line  of  railway,  some  blocks  of  granite  had  been  found 

near  Hebden  Bridge." 


67 

And  at  the  cemetery,  a  few  hundred  yards  to  the  N.W.  of 
the  last-named  place,  and  at  an  elevation  of  about  380  feet,  a 
bed  of  grayel,  sand,  and  loam  reposes  upon  the  carboniferous 
shale,  varying  in  thickness  from  5  feet  to  10  feet,  analagous 
in  character  to  that  exposed  in  the  section  last  described. 
And  in  the  Shibden  valley  deposits  similar  to  these  are 
found  at  about  a  coresponding  elevation. 

In  the  three  last  named  instances  the  stones  composing 
the  gravel  consist  of  well  rounded  water- worn  rocks,  derived 
exclusively  from  the  basin  of  the  Calder  and  its  tributaries, 
not  a  foreign  pebble  being  found  incorporated  with  them. 
These  gravels  may  therefore  be  regarded  as  having  a  purely 
local  origin,  and  date  from  the  time  when  the  river  Calder 
ran  at  this  level,  and  are  consequently  in  no  way  connected 
with  the  glacial  drift  which  occurs  in  the  valley  below. 

Turning  now  to  the  Cliviger  valley,  we  shall  find  that 
a  similar  condition  of  things  exists  there  also  to  that 
already  described  as  occurring  in  the  Walsden  vale,  viz., 
large  deposits  of  drift  on  the  north-westerly  side  of 
the  watershed  and  an  absence  of  it  on  the  south  easterly 
slope,  its  southerly  termination  taking  place  at  Holmes 
Chapel,  about  one  mile  from  the  summit  level  at  Calder 
Head,  the  height  of  which  is  768  feet.  Notwithstanding 
this,  we  find,  by  tracing  out  the  position  of  these  deposits  in 
the  side  valleys,  to  the  N.W.  and  E.,  that  they  rise  up  to 
elevations  greatly  in  excess  of  the  watershed  in  the  valley 
below.  In  Easden  Clough,  a  lateral  stream  falling  into  the 
Calder  valley,  west  of  Holmes  Chapel,  I  have  traced  drift  to 
the  height  of  about  1100  feet ;  and  to  the  east,  in  the 
tributaries  of  the  river  Bnm,  a  stream  which  falls  into  the 
Calder  at  Burnley,  I  have  found  drift  at  an  elevation  of 
about  1040  feet,  and  two  or  three  stray  foreign  pebbles 
at  upwards  of  1200  feet. 

The  drift  in  these  last-named  upland  valleys,  up  to  the 
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height  indicated,  being  so  fully  charged  with  carboniferous 
limestone  pebbles  that  vast  quantities  of  the  matrix  have 
been  systematically  washed  away,  leaving  the  harder  and 
more  bidky  materials  behind,  from  amongst  which  the 
limestones  were  collected  and  burnt  into  lime.  The  extent 
to  which  this  was  formerly  prosecuted,  is  attested  by  the 
scarped  denuded  sides  of  the  valleys,  the  vast  heaps  of 
rejected  valueless  stones  which  greet  the  eye  over  a  wide 
area,  and  the  crumbling  half -ruined  kilns  which  stud  the 
valley  in  all  directions. 

If  we  next  direct  our  attention  to  the  north,  we 
shall  there  meet  with  precisely  similar  conditions.  We 
have  it  upon  the  testimony  of  Mr.  Tiddeman*  that  in 
the  great  watershed  of  the  north,  opening  between  the 
basins  of  the  Ribble  and  the  Aire,  whose  summit  level 
has  an  elevation  of  700  feet  above  the  sea,  the  drift 
which  rises  up  to  its  highest  part  terminates  (as  I  gather) 
near  that  spot.  After  describing  the  general  features  of 
this  watershed,  the  author  goes  on  to  state — **  I  am  aware 
of  the  difficulties  that  are  raised  about  the  east  side  of  the 
Pennine  Chain  being  so  free  from  drift ;  but  all  geologists 
agree  that  some,  at  all  events,  does  exist,  and  the  patches 
that  are  left  cannot  be  considered  to  have  been  dropped  just 
as  they  are  in  isolation.  The  difficulty  lies  rather  in  the 
question — ^how  has  the  mass  of  it  been  removed  P  That  is  a 
question  which  I  cannot  undertake  in  this  paper ;  I  do  not 
know  the  ground  sufficiently  to  hazard  an  opinion;  nor, 
indeed,  does  the  matter  come  within  the  scope  of  this 
enquiry."  I  am  informed  that  drift  again  presents  itself  in 
this  valley  further  to  the  east ;  and  that  deposits  of  this 

*  In  his  paper  '*  On  the  evidence  of  the  ice  sheet  in  North  Lancashire, 
and  adjacent  parts  of  Yorkshire  and  Westmorland." — Quarterly  Journal  of 
the  Qeological  Society,  for  Kovember,  1872,  p.  478.  A  contribution  the 
talue  of  which  it  is  difficult  to  oter-estimatei 
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character  are  found  in  the  neighbourhood  of  Bradford  in 
moderate  plenty,  leaving  a  barren  district  of  many  miles  in 
length  between  the  two  drift  covered  areas.  Again,  at 
page  486  of  the  same  paper,  we  have  further  testimony  in 
the  same  direction,  in  the  following  passage: — ''In  that 
part  of  the  district,  east  of  Pendle,  Mr.  W.  Ghmn's  observa- 
tions confirm  my  own,  to  the  effect  that  there  are  no 
boulders  of  other  than  local  rocks."  One  exception  alone 
being  mentioned,  a  satisfactory  explanation  of  which  is 
given  by  Mr.  Tiddeman.  From  the  above  extracts  it  will 
be  perceived  that  whilst  Mr.  Tiddeman  fully  recognises  the 
difficulties  connected  with  the  consideration  of  this  subject, 
he  declines  to  hazard  an  opinion  as  to  the  physical  causes 
which  have  led  to  so  marked  a  difference  in  the  distribution 
of  drift  deposits  on  the  two  areas.  By  reference  to  the 
admirable  map  which  accompanies  the  paper  already  quoted 
from  so  copiously,  it  will  be  found  moreover  that  no  ice 
scratches  are  marked  as  occurring  to  the  east  of  the  watershed 
of  the  coimtry,  and  further,  that  all  those  recorded  near  to 
that  line  run  in  a  direction  closely  approaching  to  north  and 
south,  with  one  exception,  which  occurs  on  the  low  ground 
separating  the  valleys  of  the  Ribble  and  the  Aire  already 
alluded  to— and  this  solitary  instance  may,  I  think  with 
strong  ground  of  probability,  be  ascribed  to  local  influences 
exerted  towards  the  close  of  the  glacial  period,  when  the 
great  ice  sheet  had  been  supplanted  by  local  systems  of 
glaciers. 

If  we  next  turn  to  the  south,  we  are  still  confronted 
by  precisely  similar  phenomena.  My  own  observations, 
made  in  the  neighbourhood  of  Gastleton,  in  Derbyshire, 
which  is  situated  just  beyond  the  central  axis  on  the 
eastern  slope  of  the  Pennine  range,  being  fully  con<» 
firmed  by  Professor  W.  Boyd  Dawkins,  F.R.S.,  who,  in 
speaking  recently,  at  the  Manchester  Geological  Society, 
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upon  the  superficial  deposits  in  that  locality,  observed* — 
**  From  what  I  can  see,  there  is  nothing  whatever  in  this 
deposit  to  separate  it  from  the  superficial  deposits  in  the 
valley  near  Castleton,  which  you  will  find  pretty  well  every- 
where. When  I  examined  these  the  other  day,  in  the 
company  of  Mr.  Prestwich  and  Mr.  Tiddeman,  we  came  to 
the  conclusion  that  they  are  not  glacial,  but  the  result  of 
sub-aerial  wear  and  tear  of  the  rocks  in  the  neighbourhood.*' 
We  thus  find  that  over  this  large  area,  extending  from 
Skipton  in  the  north,  by  Todmorden  to  Oastleton  in  the 
south,  that  a  general  absence  of  drift  deposits  and  all  other 
indications  of  glacial  action  characterises  the  eastern  slope 
of  the  great  axial  chain,  for  a  considerable  distance  from  its 
summit. 

We  may  now  enquire  if  there  is  any  legitimate  reason 
for  supposing  that  drift  was  at  one  time  deposited  over  the 
now  barren  area,  and  that  its  absence  at  the  present  time  is 
to  be  accounted  for  by  subsequent  denudation,  as  suggested 
by  Mr.  Tiddeman  in  the  paper  previously  referred  to. 
It  appears  to  me — ^f rom  a  full  consideration  of  all  the  facts — 
exceedingly  problematical  that  this  can  have  been  the  case, 
for  it  is  difficult,  if  not  impossible,  to  conceive  of  any  known 
force  which  could  act  in  so  capricious  and  anomalous  a 
manner  as  to  have  swept  and  cleared  off  the  surface  of  the 
driftless  area  to  the  east  so  completely  that  not  a  trace  of 
its  former  existence  should  remain,  even  in  the  deep  shel- 
tered valleys  which  intersect  the  district  in  all  directions,  and 
thus  presenting  conditions  of  the  most  favourable  character 
for  its  preservation,  and  yet  at  the  same  time  leave  intact 
the  vast  bodies  of  drift  which  so  completely  envelope  the 
country  to  the  west.  It  is  well  known  that  large  bodies  of 
drift  overspread  the  eastern  plains  of  Yorkshire,  some  of 
which  found  its  way  up  the  western  prolongations  of  the 

*  Traxunctions  of  the  Mancheflter  Geological  Society,  vol.  xiii.,  p*  124* 
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valleys,  fonned  by  the  streams  issuing  from  this  upland 
district ;  but  which  appear  inyariably  to  terminate  at  mode- 
rate eleyations,  either  on  the  spurs  of  the  hills  or  in  the 
valleyBy  and  in  situations  where  it  might  reasonably  be 
expected  that  deposits  of  this  kind,  derived  from  the  eastern 
fljatem  of  gkciers,  might  be  found. 

11,  however,  it  should  eventually  turn  out  upon  subsequent 
examination  that  scattered  erratic  boulders,  or  even  small 
patches  of  foreign  debris,  should  be  discovered,  either  in  the 
npland  valleys  or  on  the  hilly  slopes,  no  difficulty  will 
arise  in  reconciling  this  fact  with  the  hypothesis  herein 
advocated.  For  it  is  not  only  possible  but  highly  probable 
that  during  the  period  of  submergence  of  the  land,  when 
these  valleys, — assuming  a  depression  as  already  suggested 
of  some  1200  or  1300  feet, — would  be  narrow  straits, 
through  which  an  occasional  iceberg  might  be  drifted,  either 
by  an  ocean  current  or  a  prevailing  wind  from  the  north, 
east,  or  west,  dropping,  as  it  floated  along,  a  stray  pebble 
or  block  of  stone.  The  boulders  already  referred  to,  as 
occurring  at  Hebden  Bridge  and  in  Cliviger,  may  belong  to 
this  class.  The  presence,  therefore,  of  small  bodies  of  foreign 
matter  in  those  situations — should  they  occur — ^might  con- 
fidently be  attributed  to  that  cause,  and  would  not  conse- 
quently in  any  way  invalidate  the  hypothesis  advocated  in 
this  paper. 

Having  thus  far  endeavoured  to  prove,  and  I  hope 
successfully,  that  a  marked  diflference  exists  in  the  distri- 
bution of  drift  on  the  opposite  sides  of  the  Pennine  chain, 
it  now  remains  to  show  that  this  phenomenon  has  in  all 
probability  been  brought  about  by  the  valleys  in  question 
having  been  filled  up  during  the  glacial  period  by  accumu- 
lations of  ice  or  snow  held  firmly  in  their  places  by  the 
physical  and  other  characters  of  the  gorges  themselves, 
acting  in  combination  with  the  force  exerted  by  glaciers 
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pressing  against  th|  ends  of  these  blocked-up  channels,  and 
thus  effectually  holding  stationary  the  embedded  masses  in 
the  places  of  their  deposition. 

To  a  full  and  dear  comprehension  of  this  subject  it  wiU 
be  necessary  to  glance  at  the  physical  and  geographical 
features  of  the  district,  and  to  trace  their  relation  and 
bearing  to  the  surrounding  coimtry.  In  treating  of  this 
branch  of  the  subject,  our  attention  will  be  principally 
directed  to  the  area  Ijring  between  Burnley  and  Little- 
borough  on  one  side  and  Todmorden  on  the  other,  a  district 
embracing  the  two  deep  vaUeys  of  Cliviger  and  Walsden, 
in  which  are  contained  two  of  the  lowest  watersheds  in 
this  part  of  the  range.  The  Pennine  chain,  as  is  well 
known,  is  an  elevated  range  of  hiUs,  commencing  near 
Derby,  in  the  south,  traversing  the  central  part  of  the 
country  in  a  general  direction  of  north  and  south,  and 
terminating  at  Gross  Fell  in  the  north,  and  having  a  general 
elevation  in  its  higher  summits  of  from  1800  to  2000  feet, 
but  rising,  in  a  few  instances,  to  a  height  considerably  in 
excess  of  even  that.  The  breadth  of  the  chain  averages 
about  thirty  to  forty  miles,  from  west  to  east.  In  that  part 
of  the  range  which  gives  rise  to,  and  is  traversed  by,  the 
Bivers  Calder  and  Irwell,  the  general  elevation  of  the  hills 
ranges  from  1300  to  1400  feet.*  They  consist  mostly  of 
rocks  of  millstone  grit-age,  overlaid  on  the  easterly  and 
westerly  flanks  by  lower  coal  measure  strata.  Into  these 
rocks  the  Eiver  Calder,  which  takes  it  rise  on  the  elevated 
ridge  of  moorland,  lying  between  Bacup  and  Todmorden, 
has  excavated  for  itself  a  deep,  winding,  narrow  channel, 
which  penetrates  the  strata  at  Todmorden  at  a  distance  of 
about  four  miles  from  its  source  to  a  depth  of  upwards  of 
1000  feet  from  the  summit  elevations  of  the  hills  in  the 

♦  Cross  Fell,  2930  feet ;  Kinder  Scout,  Derbyshire,  2150 ;  Pendle  HiU, 
Lancashire,  1830  feet;  Bouslworth,  1689. 
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immediate  neighbourhoocLf  In  conaequence  of  which  a 
series  of  Yoredale  beds,  from  400  to  60#  feet  in  depth,  are 
brought  to  light  in  the  valley,  where  in  its  course  it  cuts 
across  the  line  of  the  great  anti-clinal  axis  of  the  chain. 
Such  then  are  the  general  features  of  the  country.  As, 
however,  the  structure  and  character  of  this  district  has  an 
important  bearing  upon  this  subject,  it  will  be  necessary  to 
examine  them  a  little  further  in  detail. 

If,  then,  we  take  Todmorden  as  the  central  point  of  the 
district,  from  which  to  commence  our  observations,  we  shall 
find  that  it  is  situated  almost  on  a  line  with  the  highest 
summits  of  the  Pennine  hills,  in  a  deep  gorge  at  the  junction 
of  the  streams  which  flow  through  the  two  defiles  already 
mentioned,  and  on  the  main  axis  of  that  great  Pennine 
faidt,  which  traverses  the  range  in  a  direction  of  NN.W. 
and  SS.E.,  and  in  a  line  roughly  coincident  with  the 
Walsden  and  Gliviger  valleys,  the  effect  of  which  has  been, 
not  only  to  fracture  and  break  up  the  rocks  to  a  marvelous 
extent,  but  also  to  cause  a  reversal  in  the  dip  of  the  strata — 
those  on  the  east  dipping  at  an  angle  of  about  5"^  to  the  S.E., 
and  those  to  the  west  declining  at  an  angle  of  from  20^  to 
46°  to  the  W.S.W. 

This  fracturing  and  breaking  up  of  the  crust,  as  would 
naturally  be  expected,  has  resulted  in  the  production  of  a 
line  of  weakness,  thus  bringing  about  a  condition  of  things 
most  favourable  to  the  exercise  of  sub-aerial  forces  to  their 
fullest  extent ;  to  whose  operation,  exerted  over  a  vast  lapse 
of  time,  must  be  attributed  the  formation  of  these  narrow 
deep  defiles.  The  period  at  which  these  disturbances  took 
place  is  fixed  by  Professor  E.  Hull,  F.R.S.*  about  the  latter 
part  of  the  Permian  period,  so  that  abundant  time  is  afforded, 


•  Todmorden,  209  feet;  Thieveley  Pike,  1474  feet;  Dirpley  Hill,  1429 
feet ;  Hogshead  Low,  1460  feet, 
t  Quartexlj  Journal  of  Science,  1868,  p.  331. 
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by  the  means  suggested,  for  their  degradation  to  their 
present  low  levels.  1 

Starting  from  this  centre,  we  shall  find  that  three  valleys 
radiate  in  lines  almost  equidistant  from  eaoh  other,  one 
stretching  off  through  Walsden  to  Littleborough,  for  a 
distance  of  about  five  nules,  in  a  direction  a  little  west  of 
south ;  another  taking  a  north-westerly  course,  through  the 
sinuous  gorge  of  CUviger  to  Burnley,  a  distance  of  about 
eight  miles ;  whilst  the  third,  the  valley  of  the  Calder, 
takes  an  E.N.E.  direction  ;  thus  presenting  three  deep 
narrow  tortuous  channels,  hemmed  in  on  every  side  by 
massive  walls  of  rock,  cut  into  at  intervals  along  their  course 
by  the  entrance  of  tributary  streams,  reminding  one  forcibly, 
when  traced  on  a  geological  map,  of  the  device  known  as  the 
'^  three  legs  of  man"  which  characterises  the  Manx  copp^ 
coinage. 

The  watersheds  of  Walsden  and  CUviger  valleys  are  at  a 
comparatively  low  level — that  in  the  first  having,  as  already 
stated,  an  altitude  of  627  feet  above  sea  level,  being  eaten 
into  to  a  depth  of  330  feet  below  the  shoulder,  or  first 
platform  boimding  the  valley  ;*  whilst  that  in  the  second 
is  crossed  at  an  elevation  of  768  feet,  and  is  excavated  to  a 
depth  below  the  immediate  country  of  475  feet,  a  depth 
which  would  be  greatly  increased  if  the  summit  level  of 
the  surrounding  hills  was  taken  as  the  datum  line  for 
measurement.  The  valley  of  the  Calder,  which  forms  the 
line  of  drainage  through  which  the  waters  of  the  aforesaid 
tributary  valleys,  from  their  junction  at  Todmorden,  pass 
off  to  the  German  Ocean,  being  cut  into  .to  a  depth  consider- 
ably in  excess  of  those  already  described. 

If,  then,  we  view  these  valleys  in  relation  to  the  initial 
period  of  their  formation,  structure,  and  physical  characters, 
the  total  absence  of  drift  or  other  indication  of  ice  action 


*  Professor  Hull,  Geological  Magazine,  vol.  iii.,  p.  475. 
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vriihm  their  boundaries,  or  the  marked  eontrast  presented 
in  the  oonfiguration  of  these  and  other  valleys  in  the  neigh- 
boorhoody  and  the  general  surface  contour  of  the  surrounding 
distrioty  and  compare  them  with  the  country  on  the  western 
slope  of  the  chain  immediately  beyond  the  watershed,  where 
ice  is  known  to  have  been,  and  where,  through  its  abrading 
action,  the  hills  and  dales  lose  their  stem,  angular  character, 
and  assume  a  soft,  rounded,  and  flowing  appearance,  indi* 
eating  unmistakably  the  operation  of  divergent  forces  and 
the  existence  of  wholly  different  conditions.  We  shall  have 
no  difficulty  in  concluding  that  glacial  or  land  ice  has  had 
no  share  in  their  formation  or  subsequent  modification,  but 
that  they  owe  their  origin  to  the  fracturing  of  the  rocks  in 
the  first  instance,  and  subsequentiy  to  the  operation  of 
sob-aerial  forces. 

ELaving  now  at  some  length  pointed  out  the  structure  and 
general  features  of  the  district,  I  shall  proceed  to  offer  a  few 
reasons  for  the  assumption  that  during  the  glacial  period 
these  lines  of  communication  were  blocked  up  by  snow  or 
ice  so  as  to  cut  off  all  connection  between  the  two  sides  of 
this  chain  of  hills. 

On  the  approach  of  the  long  winter  which  preceeded  and 
heralded  in  the  period  when  ice  overspread  the  county  of 
Lancaster  and  the  whole  of  the  northern  part  of  our  island, 
the  severity  of  the  climate  would  gradually  increase,  during 
which  time  large  accumulations  of  snow  would  take  place, 
and  ice  be  formed  in  deep  and  sheltered  situations  like  those 
presented  by  the  Walsden,  CKviger,  and  Todmorden  valleys. 
The  snow  thus  accimiulated  to  a  depth  of  800  to  1000  feet 
would,  by  being  partially  melted  and  re-congealed,  become 
in  time  a  consolidated,  compact  mass,  of  a  density  and 
consistency  little,  if  at  all  inferior,  to  that  of  ice  itseU 
Accepting,  then,  this  proposition,  we  shall  have  no  difficulty 
in  concluding  that  these  bodies,  held  firmly  in  their  places, 
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in  the  tortuous  serrated  valleys,  which  are  so  construbtedy 
and  hold  such  relations  to  each  other  that  any  attempt  to 
move  on  the  part  of  the  accumulationB  in  one  of  the  arms 
would  be  resisted  and  counterbalanced  by  the  opposing  force 
of  the  other  two  branches^  each  of  which  would  have  a 
tendency  to  move  in  an  opposite  direction^  and  would  thus 
be  able  to  offer  an  effectual  resistance  to  the  force  of  the 
great  northern  glacier  on  its  approach  to  dislodge  them 
from  their  strongly  entrenched  positions.  The  resistance  to 
aU  motion  on  their  part  being  still  further  increased  by  the 
pressure  of  the  great  glaciers  actingupon  the  terminal  portions 
of  the  Galder  and  Walsden  arms  at  the  mouths  of  the  valleys 
by  which  those  bodies,  if  in  motion,  would  have  to  emerge  with 
a  force  equal  to  that  exerted  at  the  northerly  end  where  the 
glacier  would  seek  to  effect  an  entrance  therein,  thus  com- 
pletely neutralising  each  other,  and  preventing  any  motion 
on  their  part  taking  place.  The  progress  of  the  glacier,  in 
its  journey  south,  being  thus  arrested  by  an  impassible 
barrier,  at  or  near  Holmes  Chapel,  in  the  Cliviger  gorge, 
where  the  valley  suddenly  contracts  and  becomes  hemmed 
in  on  both  hands  by  massive  beds  of  grit  rocks,  in  some 
places  almost  vertical,  it  is  evident  that  the  ice,  forcing  its 
way  so  far,  would  be  compelled  either  to  move  on  over  the 
embedded  and  stationary  mass,  or  be  deflected  from  its 
course,  and  compelled  to  take  a  more  westerly  direction,  that 
part  of  it  was  forced  over  the  intervening  space,  separating 
Easden  Clough  from  the  Whitewell  Valley  at  an  elevation 
of  1170  feet,  and  passed  on,  east  of  Dirpley  Hill  and 
the  high  land  adjoining,  into  the  valley  of  the  Irwell,  thence 
skirted  the  hilly  district  east  of  Bacup  and  crossed  Brand- 
wood  Moor — the  dividing  line  between  the  basin  of  the 
Roach  and  Irwell — continued  its  course  on  to  Manchester 
and  the  great  Cheshire  plain,  can  be  shown  upon  evidence 
of  the  most  conclusive  character,  whilst  another  stream  of  ice 
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doabtleBS  crossed  from  Burnley  into  the  Whitewell  Yalley  by 
tiie  Wholaw  Nook  Pass,  becoming  there  confluent  with  the 
arm  already  described,  the  main  body  moving  ofiP  in  the 
direction  of  Burnley  and  Accring^n,  on  the  westerly  side 
of  HamUedon  Hill,  from  thence  pursuing  its  course  south 
and  uniting  with  the  other  streams  finally  debouching  on  to 
the  plains  of  South  Lancashire. 

In  support  of  the  theory  that  a  large  body  of  moving  ice 
meeting  with  resistance  sufficiently  powerful  can  be  either 
enldrdy  arrested  or  its  various  ^Zns  be  endowed  with 
varying  and  diverse  motions,  we  have  the  authority  of  His 
€huoe  the  Duke  of  Argyll,  late  President  of  the  Geological 
Society  of  London,  who  in  his  Presidential  address  to  that 
Society,  when  speaking  upon  the  subject  of  the  formation 
of  rock  basins  by  the  action  of  ice,  asks*  "  What  would  be 
the  behaviour  of  that  portion  of  a  glacier  imbedded  in  a 
rocky  hole;  would  it  move  as  freely  as  a  glacier  lying 
aa  a  level  or  on  a  descending  slope  P  Is  it  quite  certain 
that  it  would  move  at  all?  Would  not  the  friction  and 
resistance  be  so  enormously  increased  as  to  bring  the  lower 
portion  of  the  glacier  to  rest,  and  allow  the  upper  part 
of  it  to  slip  over  the  lower  part,  as  we  know  it  actually  does, 
even  where  the  lower  ice  is  not  thus  embedded  P "  And 
again,  "  It  is  quite  certain,  I  apprehend,  that  a  rocky 
depression  of  some  certain  depth  and  thickness  would  hold 
absolutely  fast  any  mass  of  ice  which  had  been  forced  into 
it,  and  that  any  superincimibent  mass  of  ice  in  motion  over 
it  would  have  to  part  company  altogether  with  this  embedded 
portion,  even  as  the  upper  part  of  the  mer  de  glace  does  now 
part  company  from  its  own  base  by  a  double  rate  of  motion." 
Professor  Samsay  has  also  pointed  out  the  fact  that  the 
motion  of  the  lower  portions  of  glaciers  are  powerfully 
influenced  by  the  physical  form    and    character    of    the 

*  Quarterly  Journal  of  the  Geological  Society  of  London,  vol.  xxi. 
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QhannelB  in  which  they  move.  And  very  reoentlj  Mr. 
Goodchild,  in  writing  upon  drift,*  observes:  **What  I 
particularly  widied  to  call  attention  to  here,  is  the  &ct  that 
the  direction  of  transportal  of  boulders  is  very  often  at  right 
angles,  and  in  a  few  cases  is  directly  opposite  to  the  course 
taken  by  the  sole  of  the  ice  sheet. 

It  thus  appears  that  there  is  the  most  satisfactory  evidence 
to  prove  that  one  portion  of  a  mass  of  ice  may  be  stationary, 
whilst  another  may  continue  its  onward  progress ;  or  that 
one  portion  of  a  body  of  ice  may  move  in  one  direction,  anid 
another  portion  be  pursuing  a  course  considerably  at  variance 
with  it;  and  that,  consequently,  it  is  reasonable  to  infer 
that  a  glacier  might  have  moved  bodily  over  the  area  occu- 
pied by  the  Todmorden  valleys,  and  yet  not  disturb  the 
jammed  masses  below.  I  am,  however,  inclined  to  the 
opinion,  as  previously  stated,  that  ice  never  overflowed  the 
higher  elevations  of  the  Pennine  hills  in  this  locaHty,  for 
had  a  glacier  at  any  time  overspread  them,  no  doubt  can 
exist  that  it  would  have  left  unmistakable  evidence  of  its 
presence  in  moulding  the  surface  contour  of  the  country, 
and  that  morainic  and  other  matter  must  of  necessity  have 
been  left  behind  on  its  retrocession,  as  a  memorial  of  its 
former  presence ;  and  this,  too,  if  only  the  upper  portion  of 
the  glacier  had  been  endowed  with  motion,  leaving  the  basal 
parts  locked  fast  in  the  deep  channels  below. 

I  am  aware  that  the  acceptance  of  the  hypothesis  that  the 
great  ice  sheet  did  not  in  this  district  attain  a  thickness 
sufficient  to  raise  its  surface  to  a  level  with  the  crests  of  the 
hills,  appears  to  clash  with  the  observations  of  geologists 
made  further  to  the  north.  Mr.  J.  Clifton  Ward,  in  his 
important  paperf  "  On  the  glaciation  of  the  northern  parts 
of    the  lake   district,"    gives    instances  of    ice    scratches 

*  Geological  Magazine,  vol.  1,  Decade  2,  page  504. 

t  Quarterly  Journal  of  the  Geological  Society  of  London,  vol.  xxix.,  p.  425. 
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oecarring  in  that  district  at  elevations  of  over  2000  f  eet^ 
and  in  one  oaaey  in  the  Helvelljm  range,  even  as  high  as 
2500  feet;  and  Mr.  Tiddeman — ^in  the  paper  already  so 
frequently  quoted  from^-desoribes  ice  scratehes  on  Ingle- 
borough  at  a  height  of  1350  feet,  and  on  Bowland  Enotts 
at  1400  feet.*  And,  at  page  479,  he  makes  use  of  the 
following  words,  ^'  I  can  conceive  its  being  quite  possible 
that  the  ice  sheet  went  quite  over  Pendle."  t 

No  difficulty,  however,  I  conceive,  will  arise  by  supposing 
the  ice  in  the  latitude  of  Bacup  to  have  had  a  less  thickness, 
hy  some  hundreds  of  feet,  than  that  to  which  it  attained  in 
the  lake  district  further  to  the  north,  if  we  take  into 
consideration  the  gradual  slope  of  the  ground,  the  waste  by 
melting  to  which  it  would  be  subjected  in  travelling  south, 
and  its  tendency  to  spread  out  and  become  diffused  on 
reaching  the  flatter  and  more  level  plains  of  liancashire  and 
Gheahire.  On  these  and  other  grounds  I  fail  to  see  that 
any  difficulty  will  arise  by  assuming  that  the  ice  sheet  was 
confined  to  a  thickness  of  some  1200  or  1300  feet  in  this 
part  of  liancashire,  although  issuing  from  the  elevated 
mountainous  region  of  the  lake  district  with  a  thickness  of 
1500  or  even  1800  feet. 

Since  penning  the  foregoing,  a  copy  of  the  Geological 
Memoir,  by  Messrs.  A.  H.  Green,  C.  le  Neve  Foster,  and  J. 
B.  Dakyns,  on  the  Geology  of  the  Carboniferous  Limestone, 
Toredale  Bocks,  and  Millstone  Grit  of  North  Derbyshire 
and  the  adjoining  parts  of  Yorkshire,  has  come  into  my 
hands,  which  I  find  upon  perusal  so  far  supports  the 
conclusions  at  which  I  had  previously  arrived,  touching  the 
imequal  distribution  of  drift  on  the  axial  chain  of  the 
country,  that  I  may  be  pardoned  trespassing  a  few  moments 
longer  upon  the  patience  of  my  audience,  whilst  bringing 


•  IM,  p.  476. 

t  Pendle  hill  has  an  elevation  of  1831  feet. 
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this  paper  to  a  conoluedon,  by  reading  an  extraot  from  it,  in 
confirmation  of  the  views  herein  enunciated,  commencing  at 
page  128,  and  proceeding  as  follows : — 

"The  distribution  of  the  drift  over  this  country  is,  in 
general  terms,  as  follows : — On  the  west  the  plain  is  every* 
where  thickly  covered  with  it ;  it  runs  up  the  slopes  of  the 
central  table  land,  and  patches  of  it  and  erratics  are  found 
on  the  table  land  itsdf — along  its  western  margin — ^up  to  a 
height  of  1200  feet  above  the  sea.  The  distribution  on  the 
south  is  very  nearly  the  same  as  along  the  west  side,  but  the 
plain  is  not  so  completely  covered,  and  the  greatest  height 
reached  is  rather  less.  With  the  exception  of  the  patches 
on  its  western  margin  just  mentioned,  the  central  plain  is 
perfectly  free  from  drift ;  but  in  the  one  case  of  a  valley 
which  cuts  well  across  it — ^that  of  the  River  Wye — ^there  is 
reason  to  think  that  the  drift  has  found  its  way  through  the 
gap ;  at  all  events,  drift  is  found  along  the  valley.  Passing 
to  the  eastern  side  of  the  range,  we  find  a  vastly  different 
state  of  affairs ;  for  a  distance  of  from  ten  to  twenty  miles 
from  the  eastern  side  of  the  central  table  land,  the  plain  is, 
with  the  exception  of  a  few  erratics  and  little  patches  of 
boulder  clay,  altogether  free  from  drift ;  and  when  beyond 
this  we  do  reach  a  country  where  drift  comes  on,  we  find  it 
there,  and,  instead  of  wrapping  the  whole  land  in  one 
widespread  covering,  occurring  only  in  scattered  patches. 
It  seems,  too,  that  the  drift  on  this  side  contains  fewer 
foreigners,  and  is  more  largely  made  up  of  local  rocks  than 
to  the  west." 


On  the  motion  of  Mr.  Plant,  seconded  by  Mr.  Martin,  a 
vote  of  thanks  was  passed  to  Mr.  Aitken  for  his  paper. 

Mr.  Martin  suggested  that  discussion  upon  Mr.  Aitken's 
paper  should  be  postponed  until  the  members  had  had  an 
opportunity  of  reading  it  in  the  Transactions. 


11 

Mr.  Plant  supported  the  suggestion,  and  added  that  the 
subject  of  the  paper  was  in  some  respects  so  novel,  that  he 
should  hesitate  without  due  consideration  to  venture  an 
(qnnion  either  of  approval  or  disapproval  of  the  views 
advanced.  It  was  valuable,  at  any  rate,  because  it  was  a 
record  of  the  personal  observations  of  Mr.  Aitken  over  a 
large  area  which  had  not  been  touched  upon  to  the  same 
extent  by  other  geologists. 

The  Chairman  :  It  is  quite  clear  that  Mr.  Aitken  must 
have  devoted  a  great  deal  of  study  and  observation  to  have 
prepared  such  a  paper,  dealing,  as  it  does,  so  much  with 
detail,  and  apparently  challenging  some  views  that  have 
been  arrived  at,  in  some  respects,  by  geologists,  and 
confirming  them  in  others.  The  whole  of  the  glacial 
theory,  to  my  mind,  is  based  upon  pure  supposition. 
Although  geologists  have  agreed,  for  the  present,  to  accept 
it,  and  it  has  been  placed  in  the  geological  code,  it  is  not 
many  years  ago  that  this  theory  was  not  admitted  into  their 
code.  This  drift  deposit  may,  to  my  mind,  be  accounted 
for  by  entirely  different  and  much  more  plausible  and 
satisfactory  causes  than  by  the  transit  of  it. 

The  discussion  on  the  paper  was  postponed. 


Mr.  Plant  read  the  following  paper : — 

A  SUBMERGED  FOREST  NEAR  HOLMFIRTH. 

The  existence  of  considerable  tracts  of  submerged  peat 
and  forest  along  the  sea  coasts,  and  within  the  area  of  the 
wide  estuaries  of  some  of  the  rivers  of  Great  Britaia,  is  a 
feature  well  known  to  be  of  not  unfrequent  occurrence, 
and  the  most  experienced  geologists  have  arrived  at  the 
conclusion  that,  in  the  majority  of  such  cases,  the  land  has 
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and  pointed  out  many  features  of  interest  connected  with 
ihe  locality.  The  trees  were  found  during  the  formation  of 
the  Upperthrong  reserroir,  which  Ues  in  a  shaUow  depression, 
between  two  long  ridges  of  lower  coal  shales ;  the  depression 
is  a  rushy  marsh  in  the  upper  part,  where  it  catches  the 
drainage  from  the  eastern  flanks  of  Harden  Moss,  and  at 
the  lower  end  a  small  brook  runs  out  to  join  the  Holme,  at 
Bridge  Mill,  below  Holmfirth.  The  site  of  the  reservoir  is 
known  by  the  name  of  the  Hillicks,  and,  altogether,  the 
depression  may  contain  about  40  acres  of  surface. 

The  reservoir  is  dug  out  of  a  deposit  of  no  great  depth, 
which  principally  consists  of  clay  and  black  boggy  peat, 
both  lying  on  coal  measure  shales,  the  depth  of  the  peat 
and  clay  varies ;  an  average  depth  would  not  exceed  six 
feet.     One  measured  section  gave  the  following : — 

Ft  In. 

Surface  boggy  turf      1     0 

Clay  and  marl      2     6 

Black  peat  in  which  the  stimips  of  trees  \      a     a 
occur         ] 

Total 8    0 

The  excavation,  when  I  saw  it,  was  about  200  yards  long 
by  70  yards  broad,  and  had  not  been  carried  below  the  black 
peat  and  clay  ;  yet  in  some  places  the  hard  shales  were 
seen  forming  the  floor  upon  which  the  trees  had  once 
grown.  This  area  contained  the  prostrate  tnmks  and 
upright  boles  of  about  30  large  trees  which  had  had  the 
black  peat  removed  from  about  them,  and  were  otherwise 
undisturbed.  The  trees  were  lying  with  their  heads  pointing 
down  the  valley  in  a  direction  N.W.  to  S.E.,  and  most  of 
them  had  been  snapt  off,  so  as  to  leave  about  3  feet  of  the 
bole  standing ;  yet,  in  one  instance,  the  whole  tree  had 
evidently  been  uprooted ;  the  roots  were  firmly  held  in  the 
clay  and  fissures  in  the  shales*  Some  of  theiSe  trunks  were 
40  feet  long  and  of  good  girth  at  the  upper  part,  showing 


75 

the  age  of  such  trees  to  be  not  less  than  half  a  century. 
The  wood  was  black  and  soft,  but  perfectly  sound  at  the 
heart ;  the  small  branches  and  leaves  had  to  be  searched  for 
in  the  heaps  of  black  peat  heaped  up  on  the  banks  of  the 
excavation,  and  it  was  full  of  such  matters. 

The  trunks,  which  were  clearly  identified,  were  those  of 
oaks,  beeches  and  birches,  the  latter  predominating ;  but  as 
many  of  the  trees  and  roots  are  set  up  as  ornaments  in  the 
flower  gardens  about  Holmfrith,  it  is  yet  possible  to  decide 
as  to  other  species  Hian  the  three  identified,  and  a  larger 
number  of  trees  have  been  exhimied  since  my  visit. 

There  can  be  no  hesitation  in  classing  these  buried  trees 
with  those  of  which  I  have  spoken  as  found  in  the  peat  beds 
on  the  Lancashire  moors,  although  the  deposit  is  not  exactly 
identical  in  some  respects. 

The  course  of  events  appear  to  lead  to  a  conclusion 
somewhat  like  this : — 

At  one  time,  in  past  ages,  on  the  hills  about  Harden  Moss, 
clumps  of  large  oaks,  beeches,  and  birches  grew  in  vigorous 
health.  Suddenly,  by  some  catastrophe,  the  trees  were 
broken  off  near  their  roots,  and  fell  prostrate  where  they 
now  are  found.  The  drainage  from  Harden  Moss  soon  after 
is  stopped^  and  converts  the  place  into  a  swampy  bog.  Peat 
is  then  formed,  and  envelope  the  trees,  and  the  whole 
becomes  dry  and  hard.  After  a  time  a  small  lake  is  formed 
over  the  peat,  the  waters  from  higher  ground  bear  fine  clay 
and  marl,  and  spread  it  over  the  peat  to  a  depth  of  about 
3  feet,  then  the  lake  drains  off,  and  the  marshy  turf  grows 
on  the  clay,  and  an  aspect  is  given  to  the  shallow  depression 
which  appears  to  have  existed  from  the  earliest  historical 
time  to  the  present  day. 

Mr.  AiTKEN  :  I  am  very  glad  that  Mr.  Plant  has  brought 
this  matter  before  us,  for  it  is  a  question  that  has  engaged 
my  attention,  and  I  dare  say  that  of  other  geologists  In 
the  neighbourhood  of  Bacup  I  have  noticed  similar  features 
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to  those  described  on  the  tops  of  our  hills.  During  an 
excavation,  made  some  years  ago  when  constructing  a 
road  across  Broadwood  Moor,  at  an  elevation  of  1100  or 
1200  feet,  peat  was  cut  into  to  a  depth  of  about  seven  feet, 
and  at  the  base  of  that  deposit  was  revealed  a  large 
nimiber  of  trunks  of  trees  of  varying  sizes,  from  1  foot  to 
1^  feet  in  diameter.  Along  with  these  were  found,  as 
described  by  Mr.  Plant,  large  quantities  of  hazel  nuts, 
boughs,  &c.  I  visited  the  place,  and  saw  one  trunk  of  a 
tree  about  18  inches  in  diameter,  which  was  snapped  off  at 
about  two  feet  from  the  base ;  the  roots  were  still  in  position. 
At  the  present  time  no  trees  will  grow  at  this  elevation, 
even  of  the  smallest  dimensions.  I  also  remember,  that  on 
the  summit  land,  between  Bacup  and  Todmorden,  at  a 
little  higher  elevation  than  that  I  have  mentioned,  a  large 
prostrate  trunk  was  laid  bare  some  years  ago  in  excavating 
for  peat,  which  Mr.  Stansfield,  of  Todmorden,  took  observa- 
tions upon  and  described.  The  strange  part  of  the  matter 
is  that  trees  should  grow  in  such  positions  in  former  times, 
but  will  not  do  so  now  ;  and  I  should  have  been  glad  if  Mr. 
Plant  had  offered  some  solution  of  that  difficulty.  I  am 
not  prepared  to  offer  any  suggestion,  but  the  subject  i«i  well 
worthy  of  attention,  and  I  should  be  glad  if  some  thoroughly 
competent  person  would  investigate  it,  and  try  to  adduce 
some  practical  reason  for  the  change  that  has  taken  place. 

On  Broadwood  Moor,  along  with  the  trunks  of  trees, 
found  at  the  base  of  the  peat,  were  a  very  remarkable 
nimiber  of  beautifully  fine,  hard,  and  crystallised  pieces  of 
gannister,  which  had  been  derived  from  the  denudation  of 
the  gannister  bed  of  coal,  which  formerly  overspread  Broad- 
wood Moor.  This  has  now  disappeared,  with  the  excep- 
tion of  one  little  patch  on  the  very  highest  summit.  These 
blocks  of  gannister,  some  of  which  were  large,  were  inter- 
mingled on  the  same  surface  which  the  trunks  of  the  trees 
occupied  at  the  base  of  the  peat.     I  do  not  know  that  they 
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Ixaye  any  connection  with  each  other.  The  denudation 
which  took  place,  resulting  in  the  removal  of  the  higher 
portion  of  the  coal  measures,  must  have  been  at  an 
immensely  earlier  period  than  the  formation  of  the  peat, 
and  the  covering  of  the  trees  which  subsequently  took 
place.  The  subject  is  one  of  considerable  interest,  and  I  am 
sure  we  are  obliged  to  Mr.  Plant  for  calling  attention  to  it. 

The  Chairman  :  I  think  the  paper  is  the  more  valuable, 
inasmuch  as  Mr.  Plant  has  confiQed  himself  to  facts  without 
going  into  any  theoretical  supposition  to  account  for  the 
cause.  Most  of  us  have  had  opportunities  of  seeing  large 
trunks  of  trees  in  peat  mosses,  and  must  have  been  surprised 
at  the  way  in  which  they  had  come  there,  seeing  that  such 
trees  will  not  now  grow  in  the  locality.  A  few  things  one 
might  suppose,  with  reference  to  the  circimistances  under 
which  they  have  existed  :  either  the  wood  must  have  become 
changed  in  character  so  as  not  to  be  so  hardy  now  as  it  was 
in  olden  times,  or  the  temperature  must  have  changed,  or 
the  subsoil  must  have  been  acted  upon  in  some  way.  I  was 
rather  struck  with  one  part  of  the  paper  where  allusion  was 
made  to  a  small  lake  which  Mr.  Plant  supposed  had  been 
formed  on  the  peat  moss,  and  that  it  became  filled  with 
water.  With  regard  to  most  peat  mosses,  the  conclusion  I 
have  arrived  at  is  that  there  has  been  a  lake  to  begin  with, 
and  that  the  lake  has  become  gradually  filled  up  and  formed 
into  land  by  the  growth  of  the  peat — not  by  the  filling  up 
of  water  on  the  top  of  the  peat.  However,  it  is  a  very 
interesting  subject,  and  perhaps  all  the  better  inasmuch  as 
it  is  left  merely  as  a  record  of  facts,  without  going  into 
theories. 

Mr.  AiTKEN  asked  what  the  elevation  of  the  submerged 
forest  described  by  Mr.  Plant  would  be. 

Mr.  Plant:   Between  1000  and  1100  feet.*      The  lake 

*  Tho  highest  point  on  the  West,  two  and  a  half  miles  from  this  spot,  is 
West  Nab,  1644  feet ;  and  on  tho  South,  three  miles  off,  lies  Black  Moss, 
1629  feet,  and  Harden  Moss,  about  1400  feet. 
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spoken  of  was,  perhaps,  not  quite  understood.   The  conditions 

are  these :  there  is  a  floor  of  hard  rock,  pretty  much  of  the 

nature  of  the  gannister  of  which  Mr.  Aitken  has  spoken, 

and  the  rootlets  of  the  trees  are  found  to  have  grown  down 

into  the  crevices  between  the  fractures  of  this  rode     There 

could  not  have  been  a  lake  at  the  time  when  the  trees  were 

commencing  their  growth,  because  they  would  not  grow 

under  w^r,  and  the  peat  surrounds  the  trees,  comj^tely 

embedding  them  to  a  depth  of  from  5  ft.  to  7  ft.  in  the 

deepest  parts — ^the  average  depth  being  about  4  ft.  6  in. 

Then  upon  that  comes  this  close  capping  of  tenacious  clay, 

which  is  exceedingly  fine— quite  like  pot  clay — that  is  2  ft. 

6  in.  in  thickness.     It  is  at  the  time  when  this  clay  was 

deposited  that  I  suggest  there  may  have  been  a  lake,  and  all 

the  trees  had  been  buried  below  in  the  peat  bog.     Many  of 

the  buried  birch  trees  I  measured  had  a  girth  considerably 

larger  than  my  body,  which  shows  that  they  must  have 

flourished — ^not  have  been  merely  miserable  dwarf  things, 

but  flourished,  and  made  a  fine  forest  where  they  grew.     I 

have  no  theory  to  advance  with  regard  to  them,  and  nothing 

I  have  read  yet  explains  the   circimistances  imder  which 

these  submerged  forests  once  existed. 

Mr.  Plant  exhibited  a  metatarsal  bone  of  a  deer,  taken 

from  the  peat  beds  at  Barton-on-Irwell.      It   was  highly 

impregnated  with  blue  phosphate  of  iron,  and  was  a  good 

example  of  this  mineral.     The  localities  for  phosphate  of 

iron,  Vivianite,  were  not  numerous  in  England,  but  it  is 

usually  found  on  the  extraneous  bones  of  animals  buried 

in  turf  and  peat,   whose  decomposition,  it  is  conjectured, 

afforded  phosphoric   acid  to  the   iron  ore,  so  abundant  in 

other  forms,  in  beds  of  peat.     The  ordinary  formula  for  this 

mineral  was : — 

Oxide  of  iron       47*50 

Phosphoric  acid 32-00 

Water  20-00 
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At  the  Ordinary  Meeting  of    the   Society,   held  on 
Tuesday,  29th  February,  1876. 

Professor  W.  Boyd  Dawkins,  F.R.S.,  in  the  Chair. 

Mr.  George  Peace,  Beech  House,   Eccles,  was  elected 
an  ordinaiy  member  of  this  Society. 


THE  STTB-WEALDEN  EXPLORATION. 

The  Chairman  said :  Perhaps  it  may  interest  the  Society 
to  know  the  progress  which  the  Wealden  boring  has  been 
making  during  the  last  three  or  four  weeks.  I  may  say 
that  last  Friday  the  committee  met  in  London,  to  consider 
the  question  as  to  whether  we  should  continue  the  boring  or 
not.  The  general  opinion  of  the  committee  was  that  we 
should  carry  it  down  to  2,500  feet.  At  the  present  time  we 
have  got  down  to  1,906  feet,  and  are  only  in  the  Oxford 
clay.  Certainly  it  seemed  to  the  committee  a  very  desirable 
thing  that  the  boring,  which  had  gone  to  such  a  depth, 
should  go  600  feet  lower — ^that  is  to  say,  to  the  depth  at 
which  the  PalsDzoic  rocks  have  been  hit  in  "Westphalia  and 
other  places  on  the  continent.  Of  course,  if  we  are  able  to 
carry  this  out,  it  will  only  be  by  a  very  considerable  expen- 
diture of  money,  and  I  think  that  very  possibly  we  shall  be 
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able  to  do  it.  Tkat,  of  course^  will  depend  upon  the  amount 
of  support  which  we  get  from  the  public. 

Mr.  Greenwell  asked  whether  the  thickness  was  known, 
of  the  Oxford  clay,  at  the  nearest  point  to  the  boring  P  The 
evidence  which  might  exist  of  thickening  or  thinning  out 
of  the  strata  would,  he  thought,  form  some  guide  as  to  the 
probabilities  of  their  getting  through  the  Oxford  clay  within 
a  reasonable  limit  of  time.  Of  course,  when  the  boring  had 
got  below  the  Oxford  clay  they  would  still  possibly  be  a 
long  way  from  any  coal  measures  or  anything  of  that  kind. 
At  present,  nothing  was  known  except  that,  when  they 
crossed  into  France,  they  found  that  the  strata  between  the 
greensand  and  the  coal  measures  were  all  wanting,  or  there- 
abouts. There  was  the  possibility  of  there  being  the  same 
absence  of  those  intermediate  formations  in  the  Wealden 
district. 

In  the  course  of  further  conversation,  Mr.  Greenwell 
mentioned  that  at  South  Wingate,  12  miles  or  more  south- 
east from  Durham,  a  bore-hole  had  been  sunk  which,  after 
passing  through  the  magnesian  limestone,  had  penetrated 
the  mountain  limestone. 

The  Chairman  :  That  would  exactly  corroborate  the  view 
which  Professor  Ramsay  gave  to  the  Coal  Commission, 
namely,  that  the  magnesian  limestone,  in  the  South  Durham 
coal  field,  rested  on  the  mountain  limestone  and  the  mill- 
stone grit;  whilst  further  south — ^in  the  direction  of 
Leicestershire — ^it  passed  on  to  the  coal  measures  again. 

Mr.  Greenwell  said  that  the  bore-hole  to  which  he 
referred  had  been  sunk  on  the  south  side  of  the  denuded 
millstone  grit,  and  had  gone  through  the  magnesian  lime- 
stone direct  into  the  moimtain  limestone. . 

The  Chairman  said  it  certainly  seemed  to  him  that,  sup- 
posing they  were  obliged  to  give  up  the  Wealden  boring, 
another  ought  to  be  tried,  further  to  the  north.    He  thought 
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it  was  yery  possible  indeed  that  the  line  of  flexure  between 
Somersetshire  and  Belgium  passed  a  little  way  to  the 
north.  Because  the  coal  troughs,  both  of  Belgium  and 
of  Somersetshire,  ^have  a  tendency  in  that  direction. 
The  Belgium  troughs  run  with  their  long  axes  pointing  in 
the  direction  of  the  Lower  Thames  Yalley,  and,  to  some 
extent,  the  Somersetshire,  South  Wales,  and  Pembrokeshire 
fields  too. 

Mr.  G&EENWELL :  Your  object  in  placing  this  bore-hole 
in  the  Weald  was  to  avoid  having  to  bore  through  the  chalk. 
That  may  have  to  be  &ced  in  the  YaUey  of  the  Thames. 

The  Chairman  :  Yes ;  our  object  was  very  simple.  We 
choose  the  very  lowest  point  in  the  secondary  strata  that  we 
could  find  in  the  south-east  of  England — ^that  is  very  nearly 
the  centre  of  the  anticlinal  of  the  Weald — and  the  thickness 
of  the  day  underneath  is  quite  without  precedent.  Nine 
huudred  feet  of  Eammeridge  clay  is  a  thickness  which  we 
have  not  known  yet. 

Mr.  Dickinson  said  that  when  the  boring  was  completed  it 
would  be  an  interesting  thing  for  the  Society  to  have  copies 
of  the  sections  and  other  records. 

The  Chaikman  :  I  shall  have  great  pleasure  in  presenting 
to  the  Society,  when  the  work  is  finished,  every  document 
relating  to  it,  from  the  beginning  to  the  end.  I  have  the 
entire  series.  It  may  hereafter  be  historically  interesting. 
I  have  no  doubt  that  this  is  the  first  of  a  series  of  borings 
which  will  ultimately  be  carried  out,  and  which  will  prove 
the  existence  of  coal. 


EXPLOSIONS  IN  MINES. 

Mr.  Greenwell  said :  I  think  it  would  be  well  if  this 
Society  would  consider  the  possibility — I  won't  go  further 
than  that — of  collecting  information,  through  those  members 
who  are  specially  acquainted  with  collieries,  as  to  a  connec- 


82 

tion  that  may  exist  between  explosions  and  standing  fires,  or 
goaf  fires,  in  mines.  Much  has  been  said  lately  about  these 
disasters  being  caused  by  the  use  of  gunpowder ;  and,  without 
entering  on  that  question  at  all,  as  a  question  in  itself,  I 
would  like  to  make  one  remark,  which  is  this — about  80  per 
cent,  of  all  explosions  take  place  between  the  months  of 
November  and  February.  Now,  of  course,  we  know  per- 
fectly well  that,  in  the  working  of  coal,  g^powder  is  used 
all  the  year  round.  We  also  know  that  ventilation  in  col- 
lieries is,  as  a  rule,  somewhat  more  slack  in  summer  time 
than  it  is  in  winter ;  and  there  is  generally,  I  think,  greater 
probability,  so  far  as  ventilation  and  the  issue  of  gas  is 
concerned — that  is  to  say,  from  these  things  alone— of 
explosions  occurring  in  siunmer  than  in  winter.  But  we 
find  that  the  reverse  is  the  fact.  Now  in  winter,  when  we 
have  ventilation  a  little  more  active  than  it  is  in  summer, 
and  when  we  have  the  air  in  finer  condition,  and  better 
fitted,  probably,  for  making  an  explosive  mixture  with  gas, 
we  find  that  most  accidents  take  place.  At  the  same  time, 
is  it  not  possible — I  merely  throw  this  out  as  a  hint — ^that 
where  there  may  happen  to  be  a  standing  fire  in  a  gob, 
which  in  summer  time  is  kept  in  a  dead,  smouldering  con- 
dition, from  the  less  activity  in  the  ventilation — is  there  not 
a  possibility  of  that  being  fanned,  in  the  winter,  into  some- 
thing that  will  ignite  gas  ?  Now,  if  we  can  put  those  two 
things  together ;  if  we  can  fancy,  in  our  minds,  that  gas  in 
a  goaf  may  possibly  have  a  little  more  air  in  winter  added 
to  it  than  it  would  have  in  simimer ;  and  if  we  find  that  that 
additional  quantity  of  air  might  fan  the  fire  into  a  blaze 
during  winter,  when  it  would  not  in  summer,  is  it  not 
possible  that  we  might,  by  gathering  some  statistical  infor- 
mation, arrive  at  a  conclusion  as  to  whether  there  might  not 
be  some  connection  in  that  way  between  explosions  taking 
place  in  winter  and  not  in  summer  P    We  want  a  little  more 
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information  as  to  the  number  and  condition  of  standing  fires 
in  mines.  I  knew  myself  a  case,  not  very  long  ago,  in  which 
there  undoubtedly  were  explosions  of  gas  which  took  place 
from  fire  that  was  standing  in  a  goaf.  If  the  quantity  of 
the  gas  had  been  large,  instead  of  small ;  if  that  goaf  had 
been  larger  than  it  was,  there  was  nothing,  physically,  to 
haye  prevented  a  yery  heayy  explosion  taking  place,  instead 
of  a  series  of  slight  ones.  What  occurs  in  one  mine  may 
occur  in  others.  It  may  possibly  haye  taken  place  at  the 
Oaks,  for  instance. 

Mr.  Dickinson  said  that  the  Oaks  explosion  of  1866  was 
deariy  traced  to  the  firing  of  a  shot,  in  which  an  excessiye 
charge  of  g^powder  was  employed  to  blow  the  coal  out  in 
the  ''stone  drift.''  The  mine  was  a  magazine  of  gas,  its 
ignition  being  only  a  question  of  time.  In  19  out  of  20 
the  cause  of  explosions  was  distinctly  traced. 

This  oonduded  the  business  of  the  meeting. 


At  the  Ordinary  Meeting  of  the  Members,  held  24th 
March,  1876. 

Mr.  Joseph  Dickinson,  V.P.,  in  the  Chair. 

Mr.  Peter  G.   Cunliffe,   The  Elms,  Handforth,  was 
elected  an  ordinary  member  of  the  Society. 
No  other  business  was  transacted  at  this  meeting. 


At  the  Ordinary  Meeting  of  the  Members,  held  25th 
April,  1876. 

Professor  W.  Boyd  Dawkins,  F.R.S.,  in  the  Chair. 

Mr.  Herbert  A.  Woodward,  Kearsley  Collieries,  Swinton, 
was  didy  elected  an  ordinary  member  of  this  Society. 
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DISCOVERIES  AT  CRESWELL  CRAGS. 

Before  the  commencement  of  the  ordinary  business,  Mr. 
Plant,  one  of  the  honorary  secretaries,  said  he  should  like 
to  call  the  attention  of  the  members  to  a  few  pleistocene 
remains  and  flint  weapons  from  the  cave  floors,  at  Creswell 
Crags. 

In  the  Magnesian  Limestone  near  Welbeck  Abbey, 
there  exists  a  defile  known  as  Creswell  Crags,  forming  the 
border  line  between  Nottinghamshire  and  Derbyshire,  on 
the  sides  of  which  are  several  large  fissures  and  cavemous 
recesses,  which  have  been  for  years  frequented  by  excursion- 
ists in  search  of  romantic  scenery.  One  of  the  larger  caverns 
is  named  after  Robin  Hood. 

During  the  last  twelve  months,  by  the  kind  permissign  of 
the  Duke  of  Portland,  the  owner,  an  exploration  has  been 
going  on,  and  is  still  being  pursued,  into  the  deposits  which 
form  the  floors  of  the  caves  or  block  up  the  narrow  fissures, 
and  with  results  which  are  of  importance  from  their 
scientific  value. 

The  excavations  have  been,  for  the  most  part,  carried  out 
by  Mr.  Thomas  Heath,  curator  of  the  Museimi  at  Derby,  and 
chiefly  at  the  expense  of  a  member  of  the  Derby  Museimi 
and  Library  Committee.  The  Duke  of  Portland  has  ren- 
dered considerable  assistance  in  permitting  his  quarrymen  to 
blast  the  large  rocks  in  the  way  of  the  excavations,  and  with 
labourers  to  carry  the  waste  from  the  caverns. 

Mr.  Heath  has  already  obtained  a  considerable  number  of 
bones,  and  weapons  of  stone  and  flint ;  and  when  these  labours 
are  completed  there  will  be  accumulated  an  extensive  col- 
lection, nearly  complete  in  its  Peistocene  faima,  and  telling 
of  the  existence  of  Palaeolithic  stone- weapon  people  and  of 
Neolithic-flint  people  in  the  same  cavern,  at  consecutive 
periods  of  time. 
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The  specimens  I  exhibit  include  the  jaw  of  the  old 
cave  hysQna,  with  several  teeth  of  younger  ones ;  a  lower 
molar  of  the  tichorhine  rhinoceros;  teeth  of  reindeer  and  of 
the  horse,  not  to  be  distinguished  from  the  horses  living  at 
the  present  day;  and  two  flint  flakes,  of  the  type  so  plentiful 
in  the  caves  of  Dordogne,  France. 

These  bones  and  weapons  occur  in  successive  layers  of 
deposits,  in  some  sort  of  order,  but  there  is  no  doubt  that 
some  of  the  deposits  have  been,  at  times,  disturbed  and 
re-deposited  by  floods  from  above  getting  into  the  caves 
and  fissures;  so  that  it  is  not  altogether  safe  to  be  too 
positive  upon  the  order  of  [the  occurrence  of  the  bones,  and 
prematurely  draw  deductions  which  may  not  be  able  to  be 
held  when  the  true  history  of  the  caves  is  understood. 

The  surface  soil,  when  present,  is  of  any  thickness  up  to 
18  inches,  and  in  it  are  found  articles,  ancient  and  modem, 
Boman  and  other  potteries,  tobacco  pipes,  with  bones  of 
oommoii  sheep  and  pigs. 

Below  is  a  limestone  breccia  and  cave  earth,  lying 
over  a  bed  of  sand,  running  about  three  feet  deep,  in  which 
bones  of  animals  and  flint  weapons  have  been  plentifully 
found,  and  in  which  are  big  blocks  of  limestone,  which  had 
at  the  time  of  the  deposition  of  the  sand  fallen  from  the 
roof.  Underlying  this  is  a  deposit  of  light-coloured  sand, 
hardened  by  the  infiltration  of  the  limey  droppings  from  the 
roof,  and  this  seems  to  lie  directly  on  the  limestone  floor. 
The  order  here  described  is  not  perfect  in  all  places,  but  it 
pretty  well  conveys  the  general  character  of  the  deposits. 

These  remains  have  been  determined  to  be  bones  and  teeth 
of  the  cave  lion,  grisly  bear,  brown  bear,  cave  hyaona,  wolf, 
glutton,  arctic  fox,  Irish  elk,  reindeer,  the  mammoth,  the 
tichorhine  rhinoceros,  a  bison,  and  the  extinct  long-faced 
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ox,  the  conunon  f  ox,  horse,  pig,  goat,  sheep,  hare,  and  water 
vole.* 

Professor  Dawkins  said:   I  must  say  that  I  feel  con- 
siderable astonishment  at  finding  this  communication  brought 
before  the  Society,  and  for  these  reasons.  The  D  uke  of  Portland 
has  been  kind  enough  to  hand  over  the  exploration  of  the 
whole  group  of  cayes  at  Creswell  Crags,  situated  on  his 
property,  to  the  Rev.  J.  M.  MeUo,  of  Chesterfield,  who 
first  discovered  these  caves,  and  who  has  spent  a  consider- 
able amount  of  time  in  working  them  out.    He  described 
one  of  the  caves,  named  the  Pin  Hole,   with  the  aid  of 
Professor  Busk,  most    completely,   before  the  Geological 
Society  of  London,  last  spring,  and  during  the  past  winter, 
in  connection  with  Mr.  Heath — ^for  he  called  in  Mr.  Heath 
to  assist  him — a  second,  named   the  Eobin  Hood  Cave. 
Mr.  MeUo  has  obtained  from  this  cave  one  of  the  most 
remarkable  collections  of  implements  and  of  bones  which 
has  yet  been  found  in  this  country,  with  the  exception, 
perhaps,  of  that  in  Kent's  Hole.    The  excavations  are  not 
completed.     I  have  had  an  opportimity  of  examining  all 
the  remains  which  are  in  possession  of  Mr.  MeUo,  and  also 
the  more  important  of  those  which  Mr.  Heath  obtained  for 
the  Derby  Museum,  through  the  kindness  of  Mr.  MeUo. 
And — that  gentleman  having  obtained  from  the  Duke  of 
Portland  the  sole  right  of  excavating  these  caves — ^I  feel 
greatly  astonished  at  coming  here  and  finding  on  the  table 
a  set  of    specimens  which  show   that,  however   carefuUy 
and    however    minutely    he    may    have    conducted    the 
exploration,  and  however  carefuUy  and  however  minutely 
those  remains  may  have  been  interpreted,   his  record  is 
incomplete.      I  think  it   my    duty   to   say  that  it  is   a 

*  Papers  by  the  Rev.  J.  M.  MeUo,  Professor  Busk,  and  Professor  Daw- 
kms,  upon  these  discoveries,  will  be  found  in  the  Quart.  JourL  G^.  Soo., 
Lon.,  Vols.  31,  32. 
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yery  serious  mistake  for  any  person  to  interfere  with  an 
excayation  which  is  being  carried  on  as  admirably  as  Mr. 
Mello  is  carrying  on  this,  and  as  he  has  carried  it  on  from 
time  to  time  since  last  July — an  excayation,  moreoyer, 
which  is  not  in  any  degree  complete.  It  is  doubly  hard 
when,  in  the  account  which  has  just  been  giyen  of  this  caye, 
Mr.  Mello's  name  is  not  eyen  mentioned.  Mr.  MeUo's  paper 
must  be  fresh  in  the  mind  of  eyeryone  who  reads  the 
Times,  or  the  Pall  Mall  Gazette,  or,  the  Colliery  Guardian ; 
for  it  is  only  about  a  fortnight  ago  that  Mr.  MeUo 
brought  the  results  of  his  explorations  before  the  Geological 
Society  of  London,  and  promised  to  continue  them  to  the 
best  of  his  ability.  I  think  it  my  duty,  though  a  yery 
unpleasant  one,  to  mention  these  facts. 


FIRES  EST  COAL  MINES. 

Mr.  Joseph  Thompson,  F.G.S.,  read  a  paper  on  "  Fires  in 
Coal  Mines,  and  their  Extinction: " — 

Not  the  least  important  and  serious  of  the  yarious  forms 
of  danger  to  which  the  liyes  of  underground  workers,  as 
well  as  the  property  of  mine-owners,  is  exposed,  is  that 
arising  from  the  occurrence  of  fires  underground;  for 
although  in  most  cases  such  fires  are  attended  with  injury 
to  the  works  of  the  mine  more  than  loss  of  life,  cases  haye 
occurred  in  more  than  one  instance  where  liyes  haye  been 
sacrificed. 

No  doubt  you  are  all  as  well  aware  as  myself  that  these 
fires  haye  seyeral  sources  of  origin.  Thus,  in  the  eyent  of 
an  explosion  of  fire  damp,  the  coal  may  become  ignited 
direct  from  the  fiame  of  the  explosion,  or  the  blaze  may  be 
communicated  to  the  coal  from  burning  brattice  or  timber. 
An  inexperienced  or  careless  collier,  after  firing  his  shot. 
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which  (as  not  anfrequenUy  liappeiis)  has  lighted  a  feeder  of 
gas,  does  not  examine  his  place  after  the  firing  of  the  shot 
until  the  flame  has  attained  serious  proportions,  and  is 
difficult  to  subdue. 

A  badly  planted  shot  may  blow  out  and  ignite  the  brattice, 
a  negligent  stoker  at  underground  boilers  may  leaye  the 
ashes  insufficiently  damped,  and  yarious  other  contingencies 
may  arise,  all  or  any  of  which  might  account  for  the 
occurrence  or  existence  of  a  fire. 

These  fires  also  not  imfrequently  originate  spontaneously, 
owing  to  chemical  decomposition,  and  occur  not  uncommonly 
at  long  distances  from  the  shaft,  and  are,  consequently, 
extremely  difficult  to  control  or  extinguish,  owing  to  the 
absence  of  suitable  appliances. 

In  addition  to  the  sources  of  underground  fires  which  I 
have  mentioned,  I  regret  to  think  some  haye  been  the  work 
of  incendiarism. 

Let  the  cause,  howeyer,  be  what  it  may,  there  is  no  doubt 
that  the  risk  of  fire,  with  its  attendant  difficulties,  constitutes 
a  constant  menace  to  those  persons  who  are  responsible  for 
the  safe  working  of  our  mines,  and  into  whose  hands  the 
custody  of  yaluable  property  is  given.  Naturally,  the 
thought  which  first  occurs  to  any  person  on  hearing  of  a 
fire  is,  as  to  what  appliances  there  are  at  hand  for  throwing 
as  bountiful  a  supply  of  water  as  is  possible  upon  the 
flames,  with  the  yiew  by  this  means  of  extinguishing 
them ;  but  below  ground  it  not  unf requently  happens  that 
a  sufficient  supply  of  water  cannot  be  obtained,  or  that,  a 
sufficient  supply  being  at  hand,  the  circumstances  of  the 
case  are  such  that  that  supply  cannot  be  thrown  to  the  points 
where  it  is  most  needed. 

Steam,  as  well  as  carbonic  acid  gas,  have,  I  belieye,  been 
tried  in  some  mines  as  exting^shers,  with  more  or  less 
success;  and  an  apparatus,  called  PExtincteury  was  used 
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very  saooesafuUy^  I  belieye^  in  the  case  of  a  mine 
wliich  was  on  fire  in  the  neighbourhood  of  Wigan, 
about  two  years  ago.  Yet,  notwithstanding  all  these 
appliaiieesy  underground  fires  many  times  attain  such 
proportions  that  these  means  are  entirely  inefiectual,  and 
there  is  then  no  course  open  for  attempting  its  extinction 
except  that  of  isolating  it  from  tho  atmosphere  by  building 
dams  or  stoppings  across  every  point  of  access  to  the  region 
of  the  fire,  or  by  sealing  the  pit  shafts.  Let  me  qualify  my 
remark,  sealing  the  pit  shafts,  by  saying  that  what  I  mean 
should  be  done  is,  that  the  downcast  shaft  should  be  close 
sealed,  and  the  scafibld,  on  or  in  the  upcast  shaft,  have  a 
liole  left  in  it  ooyered  by  a  valve  so  constructed  as  to  admit 
the  egress  of  the  volume  of  vitiated  atmosphere  produced  by 
expansion,  due  to  the  excessive  heat  within  the  mine,  and 
also  by  atmospheric  changes,  but  which  valve  closes  up  the 
hole  automatically  as  soon  as  there  is  a  tendency  for  the 
air  above  the  scaffold  to  rush  inwards.  It  often  happens, 
however,  that  the  work  of  building  walls  or  dams  in  open 
places  around  the  region  of  a  fire  is  ineffectual,  owing  to 
the  difficulty  which  is  experienced  in  finding  perfectly  solid 
roof,  floor,  and  sides  against  which  to  construct  the  dams 
or  stoppings,  as,  in  the  event  of  there  being  any  leakage  at 
any  point,  combustion  still  goes  on. 

For  this  and  possibly  other  reasons  I  think  there  is  a 
tendency  on  the  part  of  mining  engineers  and  colliery 
managers  to  incline  to  the  idea  of  sealing  the  shaft  or 
shafts,  as  against  the  attempting  of  damming  off  the  region 
of  the  fire,  in  cases  where  a  fire  has  got  the  upper  hand.  I 
have  heard  of  cases  where  no  measures  at  all  have  been 
taken  for  extinction,  and  the  fire  has  burnt  on  for  a  long 
period  of  years.  But  the  value  of  mineral  property  is  now 
so  great,  and  especially  in  this  country,  that  the  unfortunate 
owners  of  any  sealed-up  mine  are,  I  think,  almost  invariably 
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yexy  anxious  to  have  their  mines  re-opened  as  soon  as  is 
possible,  consistent  with  a  due  regard  to  safety. 

It  is  impossible  for  any  person  to  define  what  length  of 
time  is  sufficient  to  be  allowed  to  elapse  before  it  is  safe  to 
re-admit  fresh  air  and  enter  the  mine.  I  hardly  need 
mention  that  cases  are  on  record  where  the  re-opening  has 
been  commenced  too  precipitatelyi  and  sorrowful  and  dis- 
astrous consequences  have  issued. 

It  will,  therefore,  be  clear  that  the  operation  of 
re-opening  a  mine  which  has  been  on  fire  is  one  not 
unattended  with  considerable  difficulty  and  risk,  and  any 
scheme  which  may  be  adopted  for  re-opening  should  first  be 
very  carefully  matured. 

Haying  in  view  the  opinion  expressed  at  our  meeting 
held  on  the  25th  of  January  last,  to  the  effect  that  the 
Society  would  be  glad  to  have  papers  read  on  subjects 
bearing  on  practical  mining,  I  have  yentured  to  think  that 
a  short  and  necessarily  imperfect  account  of  a  fire  which 
occurred  at  the  Norley  Colliery,  near  Wigan — the  work  of 
combating  which,  as  well  as  the  sealing  up  of  the  shafts  and 
the  re-opening  thereof,  was  carried  out  under  my  super- 
vision— ^might  not  be  iminteresting. 

There  is  not  much  to  interest  in  reference  to  the 
cause  of  the  fire  which  to  this  day  remains  practically  a 
mystery,  nor  in  respect  to  the  sealing  of  the  shafts,  the  most 
important  feature  in  the  case  being  the  manner  in  which  the 
re-opening  was  effected  and  access  to  the  workings  obtained. 

Still  I  think  it  will  help  you  to  understand  my  explana- 
tion of  the  re-opening  better,  if  I  first  explain,  briefly, 
the  position  of  the  shafts  and  workings  and  the  seat  of 
the  fire. 

As  I  have  just  observed,  this  fire  occurred  at  the  Norley 
Colliery,  near  Wigan,  during  the  night  of  the  10th  or 


morning  of  the  11th  Deoember,  1872,  in  what  is  known  as 
the  Orrell  5  feet  mine,  in  No.  3  Pit,  at  that  colliery. 

Bef erring  to  plan  and  section,  it  will  be  seen  that  the 
Orrell  5  feet  mine  is  about  65  yards  above  the  Orrell  4  feet, 
or  Arley  Mine,  and  about  the  same  distance  below  the  Yard 
Coal  Mine,  the  Orrell  4  feet  being  at  a  depth  of  508  yards. 

Bunning  in  a  nearly  northerly  and  southerly  direction, 
about  200  yards  to  the  east  of  the  pits,  is  a  downthrow 
fault  to  west  of  about  43  yards,  which  causes  the  Arley,  or 
Orrell  4  feet  mine,  on  the  east  side,  to  be  nearly  opposite 
the  Orrdl  5  feet  mine  on  the  west  side,  and  the  like  with 
the  Orrell  5  feet  and  Yard  Coal  Mines. 

Dip  tunnels  have  been  driven  through  this  fault  from 
both  the  Yard  mine  and  the  OrreU  5  feet  mine  respectively 
to  tiie  Orrdl  5  feet  and  the  OrreU  4  feet  mines  on  the  east 
aide,  and  a  ladder  pit  has  also  been  made,  in  which  there  is 
a  wire  rope  and  chain  ladder  along  a  fault  vein  from  the 
Orrell  6  feet  downwards  to  the  Orrell  4  feet  mine  (as  shown 
on  plan  and  section  at  the  points  marked  A).  The  fire 
originated  in  or  near  to  an  underground  hauling  engine- 
house,  situate  at  the  point  (marked  B  on  plan  and  section) 
near  to  the  bottom  of  No.  3,  or  downcast  shaft,  in  the  main 
intake  air- way,  where  a  strong  current  of  fresh  air  was  con- 
stantly passing,  materially  assisting  the  fire  in  its  course, 
"during  which  it  burnt  away  all  the  timber  supports  of  the 
roof,  which  subsequently  f eU,  rendering  extremely  difficult 
and  dangerous  the  cfibrts  made  to  extinguish  it  by  means 
of  jets  of  water. 

Preparations  were  then  commenced  for  isolating  the  fire 
from  the  fresh  air  by  means  of  dams  or  stoppings,  as  pre- 
viously referred  to ;  but  the  difficulty  which  I  mentioned, 
viz.,  that  of  finding  absolutely  compact  roof,  fioor,  and  sides 
against  which  to  construct  the  dams  or  stoppings,  was 
eiq;^6nced;  and  as  the  fire  was  continually  and  rapidly 
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moreasing  in  intenaityy  and  was  now  of  a  most  formidable 
diaraoter,  it  was  decided  at  once  to  seal  up  tlie  downcast 
shaft,  at  a  short  distance  below  the  mouthing  of  the  Yard 
Coal  (as  shown  on  section,  at  point  marked  C).  The  sealing 
of  this  shaft  was  effected  hj  means  of  two  scaffolds,  consist- 
ing in  each  case  of  two  layers  of  3-inch  planks,  reposing  on 
huge  oak  bearers,  the  first  or  lowest  scaffold  'having  three 
feet  thick  of  puddle  on  the  top  of  the  planks,  and  a  foot 
deep  of  water  on  the  top  of  the  clay. 

The  second  or  topmost  scaffold  was  similar  to  the  first, 
with  the  exception  that  just  above  the  planks  the  pit  walling 
and  the  ba^jking  were  removed  a  brick  and  a  half  deep,  and 
puddle  well  rammed  against  the  natural  strata  behind.  A 
5-inch  cast-iron  pipe  was  put  through  both  these  scaffolds 
when  they  were  constructed,  in  which  was  a  valve  imme- 
diately above  the  higher  scaffold;  and  four  or  five  feet 
below  the  top  end  of  the  pipe,  which  had  a  close-fitting  lid, 
through  the  top  of  which  was  a  small  hole,  to  admit  of  the 
passage  of  a  string,  to  which  the  thermometer  was  attached, 
for  taking  observations  in  this  shaft. 

It  will,  therefore,  be  seen  that  observations  of  temperature 
could  by  this  means  be  taken  without  admitting  any  material 
quantity  of  cold  air,  so  that  those  observations  could  not  be 
influenced  by  anything  from  the  outside,  as,  when  the  valve 
was  open,  the  close-fitting  lid  was  on,  and  vioe  versa,  thq 
valve  being  always  closed  except  when  observations  were 
being  made.  A  single  scaffi>ld  covering  was  next  put  over 
the  upcast  shaft,  at  the  point  where  the  smaller  shaft  from 
the  lower  mines  enters  the  main  upcast  or  No.  2  shaft,  i.e., 
at  the  Cannel  mine  (marked  D  on  section). 

In  this  scaffold  a  hole  about  six  inches  square  was  left, 
which  was  covered  by  a  hinged  flap- valve,  which  yielded  to 
the  pressure  from  within,  but  closed  immediately  there  was 
pressure  from  without.    By  this  means  the  workings  of  the 
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pH  got  relief  of  the  preesore  produced  by  expansion  within 
a^  nuney  as  well  as  to  pressure  outwards  due  to  a  falling 
barometer. 

Three  wall  stoppings  in  the  approaches  to  the  ladder  pit 
(at  point  A  on  plan  and  section)  completed  the  sealing  off 
entirely,  and  arrangements  took  effect  for  recording  fre- 
quently the  temperatures  in  both  the  downcast  and  the 
upcast  pits. 

The  result  of  these  observations  may  be  stated  in  a  few 
words. 

Thus^  taking  the  downcast  pit  first,  the  highest  observa- 
tions  taken  by  the  thermometer  opposite  the  seat  of  the  fire 
at  the  Orrell  5  feet  mouthing  were  as  follows : — 

1873.  January  7th, — 89°  Fahr.  was  read.     January  10th. 
— ^After  having  been  down  to  81®,   a  reading  of  87°  was 
taken  on  the  28th  January,  when  the  temperature  again 
lowered  to  79**  on  February  1st,  on  which  day  increased 
temperature  was  observed,  which  continued  till  February 
6th,  on  which  date  85°  was  indicated.    By  the  8th,  how- 
ever, the  indications  got  back  to  80°,  which  continued  till 
February  27th,  when  some  slight  fluctuations  took  place  of 
no  importance.  From  March  10th  to  18th,  uniform  readings 
of  79°  were  taken,  when  some  disturbance  was  indicated, 
and    the    temperature    went  up    irregularly  till  81°  was 
reached,  on  May  26th,  1873,  from  which  date  a  gradual 
fall  occurred,  and  on  June  28th  the  reading  was  again  78°, 
same  as  on  May  15th.     This  cooling  seems  to  have  continued 
until  the  time  at  which    the    operations  for   re-opening 
commenced,  when  the    thermometer   indicated  76°  Fahr. 
Throughout  the  whole  time  during  which  the  pits  were 
closed  the  temperature  immediately  below  the  scaffold  was 
a  few  degrees  lower  than  opposite  the  Orrell  5  feet  mouthing, 
their  variations  being  imif  orm. 
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I  attribute  the  higher  readings  referred  to  as  haying 
occurred  between  May  23rd  and  June  28th,  to  disturbance 
caused  by  falling  roof  within  the  mine,  as  I  am  quite  sure 
the  observations  of  temperature  made  in  the  shaft  opposite 
the  seat  of  the  fire  were  much  below  what  would  have  been 
indicated  in  the  workings,  had  it  been  possible  to  make  any 
observations  there.  I  am  convinced  of  this  by  the  fact 
that,  after  access  had  been  obtained  to  the  mine,  and 
ribbings  being  driven  alongside  the  falls  in  the  old  roadways, 
I  got  readings  as  high  as  87°  on  the  fallen  roof,  while  in 
the  new  roadway  the  temperature — ^until  we  thoroughly 
restored  the  ventilation — ^was  about  4°  higher  than  before 
we  opened  the  shaft.  I  therefore  consider  it  very  doubtful 
how  far  indications  made  under  such  conditions  as  these  are 
to  be  taken  as  a  criterion  of  what  is  going  on  in  the 
workings  of  a  mine,  hence  the  very  great  uncertainty  and 
danger  which  must  necessarily  attach  to  all  operations  for 
re-entering  a  mine  which  has  been  sealed  up  through  fire. 

If  I  am  correctly  informed,  the  thermometer  gave  a 
reading  lower  than  any  which  I  obtained  at  Norley,  on  the 
day  on  which  the  second  explosion  occurred  at  the  Moss  Pit 
at  Ince,  which  displaced  the  whole  of  the  sealing  scafiFolds, 
and  rendered  it  necessary  to  flood  the  mines  at  once. 

The  temperature  at  Norley,  in  the  upcast  shaft,  as  nearly 
opposite  the  Orrell  6  feet  mouthing  as  could  be  estimated, 
ranged  about  88°  to  90°,  or  several  degrees  higher  than  the 
downcast ;  but  it  must  be  remembered  that  previous  to  the 
occurrence  of  the  fire  a  large  ventilating  furnace  had  for 
many  years  been  discharging  heat  into  this  shaft,  which 
would  cause  the  brick  casing  of  the  shaft  and  the  adjacent 
strata  to  be  at  a  high  temperature,  and  I  therefore  consider 
that  no  reliable  deduction  could  be  made  from  its  temperature 
indications  as  to  what  was  going  on  within  the  workings* 
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I  therefore  assume  that,  when  it  was  determined  to 
re-open  this  pit,  there  was  no  possibility  of  knowing  whether 
or  not  the  fire  was,  or  was  not,  extinguished,  and  the  serious 
apprehensions  entertained  by  most  people  who  were  concerned 
in  the  work  are  easily  justifiable. 

Yarioos  schemes  were  discussed,  but  ultimately  it  was 
decided  to  approach  the  workings  somewhat  by  stealth,  or 
as  one  of  my  friends  (I  think  Mr.  Dickinson)  said  *'  feeling 
the  pulse  first.''  This  feeling  the  pulse  operation  I  shall 
now  describe. 

Referring  to  plan  at  the  point  (marked  A)  which  is  at  the 
ladder  pit,  it  will  be  seen  that  there  is  an  almost  direct 
course  from  the  bottom  of  it  over  the  seat  of  the  fire  across 
the  downcast  shaft  to  the  upcast,  and  any  atmospheric  air 
admitted  at  that  point  before  it  can  get  to  the  upcast  must 
necessarily  pass  over  the  seat  of  the  fire,  therefore  a  thermo- 
meter hung  opposite  the  Orrell  5ft.  mouthing  in  the  No.  3 
or  downcast  shaft  would  indicate  at  once  any  variation  of 
temperature,  due  either  to  the  passage  of  the  air  admitted 
without  encountering  fire,  or  to  the  removal  of  heat  from 
any  fire  smouldering  or  otherwise,  which  might  be  in 
existence  on  its  route. 

The  course  adopted  was  to  erect  a  long  wooden  box,  one 
end  of  which  was  passed  through  the  stopping  doors  near 
the  top  of  the  ladder  pit  (marked  D  D  on  section),  the 
other  end  projecting  a  number  of  feet  outside  the  outer 
doors.  Near  the  outer  door  an  iron  slide  was  fixed  in  this 
wooden  box  or  pipe  by  means  of  which  the  quantity  of  air 
admitted  could  be  regulated  at  discretion,  being  measured 
by  one  of  Mr.  Casartelli's  air  meters,  (which  indicates  up  to 
ten  milUons  of  revolutions,)  placed  near  the  outer  end  of  the 
box  or  pipe  in  which  glass  windows  were  made  opposite  the 
position  of  the  air  meter  to  enable  observations  to  be  made. 
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An  electric  signal  telegrapli  was  constrooted,  between  the 
two  points  A  and  C,  so  that  signals  conld  be  exchanged 
during  the  operations,  and  that  in  the  event  of  adverse 
indications  on  the  thermometers  in  the  shafts  the  admission  of 
air  might  be  made  to  cease  at  once  and  the  men  withdrawn. 

The  signals  were  made  bya  certain  number  of  gongs  given 
either  way.  Thus :  one  gong  given  from  either  end  to  the 
other  indicated  ''all  right/'  and  given  on  receipt  of  any  other 
signal  or  message  means  ''  I  do  understand. ''  Two 
gongs  given  in  reply  by  either  end  to  the  other  on 
receipt  of  a  message  indicated  ''Idonotimderstaad.''  Other 
signals  were  arranged  by  which  the  admission  of  air  could  be 
increased  or  decreased  at  pleasure,  the  running  of  the  cur- 
rent through  the  inlet  reported,  and,  if  necessary,  the  men 
ordered  to  withdraw  from  the  mine.  One  staff  of  men  was 
placed  at  point  A,  to  regulate  the  admission  of  air  by  means 
of  the  iron  shutter  or  slide  in  accordance  with  instructions 
they  would  receive  through  the  telegraph ;  another  staff  was 
at  point  C,  to  take  the  temperatures  in  downcast  periodically 
and  to  exchange  the  ''  all  right ''  signal  every  three  minutes 
with  the  other  men  at  point  A. 

Another  staff  of  men  was  placed  at  the  top  of  the  upcast 
bye  pit  in  the  Cannel  mine,  to  watch  the  small  hole 
previously  referred  to  as  having  been  left  in  the  scaffold  at 
that  point,  and  to  take  temperatures. 

I  do  not  see  in  what  way  the  long  list  of  temperatures  and 
quantities  of  air  admitted  would  be  of  any  service,  and  I  have 
therefore  only  to  add  that  we  carried  on  our  work  imceasingly 
day  and  night  until  we  passed  fresh  cool  air  through  the 
small  hole  in  the  scaffold  in  the  upcast  pit,  the  same  having 
passed  over  the  seat  of  the  fire  and  through  what  before  the 
accident  had  been  a  hot  boiler-house. 

We  now  considered  that  we  had  "  felt  the  pulse,"  and,  as 
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rapidly  as  possible,  took  out  the  scaffolds  in  the  downcast 
shaft  and  explored  the  mine  with  success. 

I  haye  never  been  able  to  discover  what  was  the  origin  of 
the  fire,  and  I  am  therefore  unable  to  establish  any  recom- 
mendation for  the  avoidance  of  similar  calamities  in  the 
fatnre. 

I  cannot  close  this  paper  without  expressing  my  apprecia- 
tion of  the  very  kind  and  friendly  advice  and  assistance 
which  I  received  on  several  occasions  from  Mr.  Dickinson, 
as  well  as  from  Mr.  James  Beaumont,  of  Oughtibridge,  near 
Sheffield,  as  well  as  of  the  great  value  of  the  services  which 
my  underground  officials  rendered  in  this  emergency. 

Mr.  J.  E.  Forbes  proposed,  and  Mr.  0.  Hardwick 
aeoonded,  a  vote  of  thanks  to  Mr.  Thompson  for  his  valuable 
communication. 


Mr.  John  Knowlss  said  that  his  firm  had  had  experience, 
at  various  times,  in  respect  to  £res.  Their  system,  however, 
of  extinguishing  a  fire  differed  from  that  of  Mr.  Thompson. 
They  tried  to  get  to  the  seat  of  the  fire,  as  soon  as  possible, 
and  to  make  it  off  at  the  nearest  point — invariably  at  the 
intake — so  that  any  heat  arising  from  it  might  gradually  pass 
away.  They  had  a  fire  at  Agecroft  some  years  ago,  at  the 
Bams  Mine,  and  in  that  case  by  closing  the  intake  for  three 
or  four  months,  and  allowing  the  return  to  be  open,  it  went 
out.  The  most  serious  fire  they  had  had  of  late  years  was 
in  1866,  at  their  Pendlebury  Colliery.  He  read  a  paper  to 
the  Society  some  time  after  its  occurrence.*  In  that  case  he 
believed  the  mischief  orig^inated  through  one  of  the  men 
setting  the  brattice  on  fire  and  leaving  it.  It  took  about  a 
fortnight  to  master  that.  They  prepared  to  build  it  off,  in 
the  event  of  not  being  able  to  master  it  by  water.  Small 
fire  engines  were  employed  to  get  water  to  the  place ;  and 
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he  thought  that  at  every  colliery  it  might  be  adyisable  to 
have  a  small  fire  engine  fitted  on  a  waggon — as  they  had 
now — ^ready  to  take  to  any  part  of  the  pit.  By  having  the 
hose  of  sufBlcient  length  water  could  be  poured  upon  the  fire 
immediately,  and  with  greatejr  effect  than  by  the  old  plan  of 
taking  it  in  buckets.  The  creation  of  steam  prevented  any 
rapid  spread  of  the  fire. 

Mr.  Fletcher  said  they  had  a  fire  at  the  Atherton  Col- 
liery, which  commenced  last  May,  and  their  experience  was 
just  the  same  as  Mr.  Knowles's.  He  observed  the  wonder- 
ful way  in  which  the  fire  travelled  backwards  towards  the 
fresh  air.  They  attempted,  for  about  a  week,  to  put  out  the 
fire  with  wat^r,  and  would  doubtless  have  succeeded  but  for 
frequent  falls  of  roof  liberating  gas  and  causing  explosions. 
As  it  was,  they  had  to  resort  to  the  usual  expedient  of 
building  stoppings,  and  making  it  off.  The  place  was  opened 
out  at  the  beginning  of  last  month,  having  been  shut  off  ten 
months,  and  they  found  the  fire  entirely  out.  If  they  had 
been  able  to  continue  the  use  of  water  they  would  very  soon 
have  mastered  it,  but  the  explosions  of  gas  made  it  dangerous. 

Mr.  Thompson  said  he  could  bear  out  what  Mr.  Fletcher 
had  stated  with  regard  to  the  working  back  of  the  flame. 
It  did  exactly  the  same  at  the  Norley  Colliery.  There,  it 
set  back  to  within  ten  or  a  dozen  yards  of  the  shaft,  though, 
when  the  mine  was  re-entered,  the  seat  of  the  fire  was 
found  to  have  been  180  yards  away. 

Mr.  Fletcher  said  that,  in  their  case,  the  fire  travelled 
back  about  30  yards  in  eight  or  nine  hours. 

Mr.  Dickinson  said  that  Mr.  Thompson  had  given  so 
fully  the  particulars  of  the  Norley  fire  that  he  could  add 
nothing  to  what  that  gentleman  had  said,  except,  perhaps, 
that  he  had  not  made  it  quite  clear  that  the  mine,  when 
shut  off,  was  filled  with  fire  damp.     The  danger  in  sending 
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a  ament  of  air  through  the  mine — ^what  was  called 
"  feeling  the  pulse" — ^was^  lest^  by  that  means  an  explosive 
mixture  should  be  formed  likely  to  get  ignited  at  the  fire. 

Mr.  Mabtin  said  that  at  a  colliery  with  which  he  was 
formerly  connected  in  Germany,  a  fire  occurred  in  the 
return  air  course,  which,  owing  to  the  dryness  of  the  place, 
extended  150  yards  in  three  quarters  of  an  hour.  In  that 
case  the  fire  was  first  shut  off;  subsequently  the  shaft  was 
closed  for  a  fortnight  or  three  weeks ;  and  when  examined, 
the  fire  was  still  f  oimd  to  be  burning.  Water  was  carried 
down  in  tubs,  and  the  flame  extinguished  throughout  the 
entire  length  that  it  had  extended, — ^220  yards.  In  that 
case  the  fire  had  extended  more  into  the  roof  than  into  the 
ooal.  The  coal  was  coked  and  charred  in  many  places  to  a 
depth  of  8  or  9  inches,  but  in  the  roof  the  fire  had  taken  effect 
to  a  depth  of  12  or  15  inches.  They  were  obliged  to  suspend 
work  for  some  time,  but  were  fortunate  io  being  near  the  up- 
cast shaft — ^it  being  one  of  the  main  returns — so  that,  with 
the  Tcntilation,  they  had  experienced  little  diiBiculty,  al- 
though at  times  the  men  were  overcome.  The  use  of  water 
was  f oimd  to  be  very  effective. 

After  some  observations  from  Mr.  Woodward, 

Mr.  ToNGE  mentioned  that  in  the  case  of  a  fire  at  the 
Hulton  Colliery,  water  was  carried  down  and  thrown  upon  the 
fire  by  meaos  of  hose.  Unfortunately,  however,  the  smoke 
got  upon  the  wrong  side  of  the  men  who  were  playing  upon 
the  fire — ^that  was,  got  between  the  men  and  the  shaft — and 
they  were  compelled  to  leave  off.  They  had  the  hose 
attached  to  pumps.  Having  failed  in  that,  they  turned  a 
large  quantity  of  water  into  the  shaft.  In  a  few  days  the 
shaft  was  re-opened,  and  the  water  pumped  put ;  and  the 
fire  was  found  to  be  extinguished. 

^  Trazm.  Man.  G^.  Soci  YoL  joi,  Ko.  3* 
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Mr.  PiLKiNorroK  said  tihat,  wherever  possLble,  it  was 
imdoabtedly  best  to  get  at  the  seat  of  the  fire^  and  throw 
water  upon  it. 

The  discussion  was  continued  by  Mr.  Tbaicb  and  Mr. 
GsiMSHAWy  the  latter  gentleman  stating  that  a  fire  had 
occurred  in  his  experience^  which  differed  somewhat  from 
the  cases  mentioned  by  previous  speakers.  At  about  14 
yards  aboye  the  furnace  was  a  mouthing/and  the  framework 
and  coaly  by  some  means,  caught  fire  from  the  furnace. 
The  fire  spread  up  the  pit>  giving  out  such  an  intense 
heat  that  the  metals  in  the  pit  were  liquified,  and  they 
flowed  down  forming  a  perfect  barrier  between  the  air- way 
above  the  furnace  and  the  pit  top.  The  works,  of  course, 
were  all  stopped.  A  small  tunnel  was  driven  above  the 
seat  of  the  fire,  for  immediate  use  as  an  air-road:  then 
water  was  turned  down  the  pit,  and  after  a  good  deal  of 
trouble  the  fire  was  got  out.  He  had  been  down  to 
the  barrier  in  the  pit;  it  seemed  a  perfectly  solid  mass 
of  metal,  5  feet  thick ;  and  weights,  varying  from  5  to 
15  cwt.  were  dropped  upon  it  from  the  top  of  the  pit 
without  producing  any  effect.  It  could  not  be  moved. 
The  pit  beneath  it  was  therefore  filled  up,  and  the  air- 
roads  were  taken  over  it. 

The  discussion  then  closed. 
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TRANSACTIONS 


or  THE 

MANCHESTER  GEOLOGICAL  SOCIETY. 


Part  4.  Vol.  XIV.  Session  1875-6. 


At  the  Obdinary  Meeting  of  the  Society,  held  on  Tues- 
day, 30th  May,  1876. 

3Ir.  Joseph  Dickinson  (Vice-President),  F.G.S.,  Her 
Majesty's  Inspector  of  Mines,  in  the  Chair. 

The  Chairman  said  that  the  whole  of  the  Geological 
Survey  Maps  of  Lancashire,  both  the  one  and  six-inch  scale 
and  the  section  maps  of  Lancashire,  had  now  been  received 
by  the  Society,  and  were  now  in  the  library,  where  members 
could  have  access  to  them.  The  Council  had  also  received 
several  reports  of  the  Geological  Survey  of  the  United 
States,  which,  with  other  books,  had  been  presented  to  the 
Society. 


THE  CRESWELL  CAVES. 


The  Chairman  said  the  paper  to  be  read  at  the  present 
meiBting  was,  "  On  the  Exploration  of  the  Caves  at  Creswell 
Crags,"  by  the  Rev.  J.  Magens  Mello,  M.A.,  F.G.S.,  and 
Mr.  Thomas  Heath,  F.R.H.S.  Those  members  who  were 
present  at  the  last  meeting  would  be  aware — and  perhaps 
others    also,    from    the    correspondence  which   had  since 
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appeared  in.fHe  newspapers — ^that  Mr.  Plant  brought  the 
subject  of'flieGreswell  discoveries  before  the  Society  at  that 
meetinj^^^d  that  exception  was  taken  to  his  communication 
by ., Professor  Dawkins  on  two  grounds:  First,  that  the 
ei;ploi:ation  of  the  caves  in  question  had  been  entrusted  to 
.  iiWRev.  Mr.  Mello,  of  Chesterfield,  by  whom  they  were  first 
'••discovered,  and  who  had  spent  a  considerable  amount  of  time 
.  X '.'  •  in  working  them  out ;  and  that  in  the  work  of  exploration 
he  had  the  assistance  of  Mr.  Heath.  Secondly,  Professor 
Dawkins  thought  it  was  doubly  hard  that  Mr.  MeUo,  who 
had,  as  before  stated,  conducted  the  exploration,  should  have 
been  entirely  ignored  in  Mr.  Plant's  communication.  He 
(Mr.  Dickinson)  observed  that,  since  the  meeting,  Mr.  Plant's 
paper  had  been  printed  in  the  Society's  Transactions,  and 
that,  in  a  foot-note,  he  had  supplied  the  principal  ground  of 
objection  which  Mr.  Dawkins  brought  before  the  meeting^ 
It  was  not,  perhaps,  desirable  that  any  further  discussion 
should  take  place  on  that  specific  point ;  but  it  was  desirable, 
when  any  paper  was  brought  before  the  society,  and  there 
was  any  omission  on  the  part  of  the  author — ^which  omission 
was  strongly  animadverted  on  by  another  member — ^that  the 
author  should  not  have  the  opportunity  of  taking  the  wind 
out  of  his  sails,  by  supplying  in  print  what  he  failed  to 
bring  before  the  meeting,  imless  accompanied  by  a  propcnr 
explanation. 

Professor  Boyd  Dawkins  said  that  the  paper  placed  in 
his  hands  by  the  Rev.  J.  Magens  Mello  and  Mr.  Heath  bore 
relation  to  some  of  those  remarks  which  were  made  at  the 
last  meeting  of  the  Society— on  which,  of  course,  the  mem- 
bers who  were  present  at  that  meeting  could  form  their  own 
opinion — and  it  was  only  fair  to  Mr.  Mello  and  Mr.  Heath 
that  what  they  had  to  say  in  regard  to  the  Greswell  dis- 
coveries should  be  brought  before  the  Society.  He  (Professor 
Dawkins)  therefore  offered  to  read  any  communication  which 
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they  thought  fit  to  send,  because  he  thought  it  was  really  a 
matter  of  vital  importance  to  the  Society's  interests.  The 
paper  was  as  follows : — 

ON  THE  EXPLORATION  OF  CRESWELL  CRAGS 

CAVES. 

By  the  Rev.  J.  Magens  Mello,  M.A.,  F.G.S.,  &c., 
And  Thomas  Heath,  F.R.H.S. 


In  the  spring  of  1875,  the  first-named  of  the  authors  of 
this  paper  formed  the  wish  to  explore  the  caves  of  Creswell 
Crags,  little  doubting  that  they  would  yield  results  of  con- 
siderable value,  and  throw  perhaps  some  additional  light 
upon  the  records  of  the  Pleistocene  and  later  ages  of 
geological  and  human  history.  This  wish  was  speedily 
carried  into  efiect,  and  the  first  visit  sufficed  to  show  that  a 
thorough  exploration  was  desirable.  Permission  was  then 
immediately  sought  from  the  Duke  of  Portland,  who  most 
kindly  at  once  granted  the  right  of  pursuing  the  discovery, 
and  has  since  placed  everj*^  facility  at  his  disposal. 

The  ravine  of  Creswell  Crags,  on  the  north-eastern 
boundary  of  Derbyshire,  runs  from  west  to  east,  being 
formed  by  low  cliffs  of  the  massive  lower  magnesian  lime- 
stone. These  are  about  50  feet  or  60  feet  high  in  places, 
and  are  beautifully  wooded.  The  permian  limestone  here  is 
very  hard,  and  is  much  fissured;  the  fissures  in  several 
instances  forming  tolerable  sized  caves.  There  are  some 
four  or  five  of  these  on  the  northern  side  of  the  ravine,  and 
one  or  two  on  the  other.  The  principal  ones,  however,  are, 
with  one  exception,  on  the  northern  or  Derbyshire  side. 
The  cavern  first  explored  was  one  called  the  Pin  Hole,  from 
a  strange  custom  of  visitors  dropping  a  pin  into  a  small 
hollow  in  a  rock,  and  taking  out  one  deposited  by  a  previous 
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visitor.  What  the  origin  of  this  custom  is  we  cannot  tell, 
but  it  is  said  that  a  somewhat  similar  one  is  known  at  a 
place  in  Ireland,  and  also  in  Devonshire. 

The  Pin  Hole  Cave  is  a  mere  fissure,  with  a  moderately 
wide  entrance.  It  penetrates  some  40  or  50  yards  into  the 
hill  side,  running  nearly  magnetic  north,  and  it  is  almost 
horizontal  throughout  its  entire  length.  It  is  moderately 
lofty  for  the  greater  part  of  its  course,  but  a  very  short  dis- 
tance from  its  entrance  it  bifurcates,  and  becomes  extremely 
narrow,  the  right  hand  branch  being  the  only  one  that  is 
accessible  for  any  distance.  At  several  points  there  are  to 
be  seen  some  large  masses  of  rock  which  have  slipped,  and 
have  become  wedged  between  the  roof  and  the  floor.  The 
cave  also  contains  a  good  deal  of  stalactite  in  the  roof,  but 
the  floor  itself  is,  as  far  as  it  has  been  examined,  very  free 
from  either  stalagmite  or  breccia.  The  floor  of  the  Pin 
Hole  Cave  is  one  of  the  very  simplest  description,  consisting 
of  a  thin  crust  of  recent  surface  soil,  no  cave  earth,  such  as 
will  be  described  in  connection  with  an  adjoining  cavern, 
but  beneath  the  surface  layer  there  is  a  bed  of  red  sand, 
which  contained  a  large  number  of  bones,  and  which  is  suc- 
ceeded by  a  bed  of  lighter  coloured  sand,  consolidated  by 
calcareous  infiltration,  and  destitute  of  fossil  remains.  The 
work  of  exploring  the  Pin  Hole  was  a  mere  matter  of  careful 
digging,  all  the  front  portion  of  the  fissure  being  cleared 
out  layer  by  layer.  The  red  sand  bed,  which  was  some  three 
feet  thick,  yielded  a  very  large  number  of  bones  of  the 
characteristic  Pleistocene  faima.  They  were  frequently 
found  matted  together,  four  or  five  bones  of  different 
animals  in  some  instances  lying  in  close  contact.  There  is 
little  doubt,  from  the  general  arrangement  of  the  bones  in 
this  bed,  as  well  as  from  the  presence  of  some  fish  remains, 
consisting  of  both  scales  and  vertebrsp,  that  since  the  con- 
tents of  the  cave  were  first  brought  in  they  have  been  partly 
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^Iiifted  and  re-arranged  by  water,  perhaps  by  the  flooding 
of  the  stream  which  now  runs  so  insignificantly  through  the 
dale,  but  which  in  the  Pleistocene  period  probably  ran  in 
ipreater  volume  and  at  a  somewhat  higher  level.  There  wan 
hardly  a  trace  of  human  occupation  to  be  f  oimd  in  the  Pin 
Hole,  one  flint  implement  alone,  a  few  inches  below  the 
surface,  being  the  sole  token  of  man's  presence  in  early 
times  in  this  cave,  but  the  list  of  animals  foimd  here  is  both 
extensive  and  important.     These  are : — 

TJrsns  sp  ? •.  .Bear. 

Gnio  InscuB  Glutton. 

Canis  vulpes  Fox. 

lupus Wolf. 

lagopus Arctic  fox. 

Hyffina  spelasa ' Hyaena. 

Ccrvus  megaceros Irish  elk. 

„     tarandas- Keindeer. 

Bos  primigenius TJrus. 

Equus  caballus Horn. 

Khinoceros  tichorhinas Woolly  rhinoceros. 

Elephas  primigenius Mammoth. 

Lepus  timidus    Hai-c. 

Arvicola  amphibius    Water  vole. 

ABirdsp? 
Fishsp? 

Of  these  the  most  uotcworthy  are  the  glutton  and  the 
Arctic  fox,  the  former  of  these  is  still  foimd  in  Siberia  and 
in  North  America,  it  is  the  same  animal  as  the  wolverine  of 
the  American  fur  hunters.  The  glutton  has  been  found 
only  three  times  in  British  caves,  before  its  discovery  at 
Creswell,  but  it  has  been  found,  together  with  the  Arctic 
fox  in  considerable  numbers  in  Belgium.  The  discovery  of 
the  Arctic  fox  at  Creswell  is  the  first  recorded  find  of  its 
remains  in  Great  Britain.  The  other  animals  call  for  no 
particular  remarks,   save  that  the  wolf  remains  obtained 
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from  the  Pin  Hole,  are  said  by  Professor  Busk,  who  kindly 
iDxamined  the  bones  from  this  cave,  to  resemble  rather  the 
Arctic  or  American  species  than  the  existing  European  wolf; 
if  this  be  so,  then  it  would  have  been  a  fitting  companion 
for  such  animals  as    those  just    mentioned,    and  of    the 
reindeer  and  other  species  whose  presence  is  significative  of 
a  far  severer  climate  than  that  now  prevailing  in  these 
islands.      The   second  cave  examined  at  Creswell  is  that 
known  as  Robin  Hood's,  it  is  situated  a  b'ttle  lower  down 
the  ravine    than  the  Pin  Hole,    and  similar  Pleistocene 
remains  to  those  of  that  cave,  and  also  flint  and  quartzite 
implements  having  been  found  in  its  floor  in  the  course  of  a 
preliminaiy  search  in  May,  it  was  resolved  that  a  thorough 
exploration  of  its  contents  should  be  made  as  soon  as  that 
at  the  other  cave  was  completed ;  and  in  July  the  authors 
of  this  paper,  the  second  of  whom  then  had  sought  per- 
mission to  take  part  in  the  work,  began  to  explore  it 
conjointly.      The  interpretation  of  the  human  and  animal 
remains  was  entrusted  to  Professor  Boyd  Dawkins,  and  the 
results  up  to  the  close  of  the  year  were  laid  before  the 
Geological  Society  of  London.     Robin  Hood's  Cave  differs 
both  in  character  and  also  in  some  important  respects  in  it^ 
contents  from  the  Pin  Hole.     It  is  much  wider  and  more 
accessible,  and  is  divided  in  its  interior  into  several  chambers 
formed  by  buttresses  of   rock   springing  from  the   back, 
the  length  of   the  cavern  is  not  great  being  only  about 
30- yards,  and  it  is  nearly  as  broad  as  it  is  long.     On  the- 
right  side  the  roof  is  tolerably  lofty,  but  on  the  left  hand 
it  is  extremely  low,  and  at  one  or  two  points  it  was  united 
to  the  floor  by  stalagmite.     A  few  small  fissures  run  into 
the  rock  from  the  sides  of  the  cavern.     The  floor  of  this 
cavern  is  more  complicated  than  that  of  the  foniier  one. 
A   general   section   showing  first  more   or  less  of    recent 
Murface  accumulation,  which  however,  is  nowhere  of  any 
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greater  thickness  than  an  inch  or  two  at  the  most.  This 
was  followed  on  the  left  hand  side  of  the  cavern  by  aq 
extremely  hard  limestone  breccia,  as  much  as  3  feet  thick  in 
part,  but  thinning  away  towards  the  right  hand  side  of  the 
cave,  and  near  the  centre  of  the  entrance  there  was  no 
breccia.  The  breccia  is  succeeded  by  a  thickish  deposit  of 
cave  earth,  varying  in  thickness  inversely  as  regards  the 
breccia  from  about  3  feet  to  as  many  inches.  Below  the 
oave  earth  was  a  bed  of  red  sand  similar  in  character  to 
that  of  the  Pin  Hole,  and  this  rested  on  a  lighter  sand  full 
of  loose  limestone,  evidently  close  to  the  original  floor 
of  the  cave,  this  was  f oimd  near  the  entrance  at  a  depth  of 
about  5  feet,  but  further  in  the  thickness  of  the  deposits 
was  greater. 

In  all  the  beds  of  Robin  Hood's  Cave,  except  the  bottom- 
most, organic  remains  have  been  foimd.  The  general 
character  of  the  fauna  of  both  caves  is  identical,  being 
most  unmistakably  Pleistocene,  and  belonging  to  that  age 
when  the  severity  of  an  almost  Arctic  climate  yet  prevailed 
in  this  coimtry  during  the  winter.  As  to  the  distribution  of 
animal  remains  in  these  caves  it  may  be  observed  that  one 
or  two  species  found  in  the  Pin  Hole  have  not  as  yet  been 
discovered  in  Robin  Hood's  Cave,  which  on  the  other  hand 
has  yielded  some  animals  absent  from  the  former.  The 
most  striking  difference  is  foimd  in  the  orderly  succession 
of  the  deposits  in  Robin  Hood's  Cave,  which  in  conjunction 
with  the  numerous  traces  of  human  occupation  during  the 
Pleistocene  period,  give  to  it  an  exceptional  importance  in  the 
his^tory  of  **  cave  hunting."  That  signs  of  man's  presence 
»liould  be  found  rather  in  this  cave  then  the  other  is  natural 
enough ;  the  larger  and  more  commodious  cave  would  cer- 
taiiily  have  been  preferred  by  the  early  inhabitants  of  the 
^li^t^ict  for  a  home  or  a  sheltering  place  to  the  narrow 
fissure. 
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Looking  now  at  the  sequence  of  tlie  beds  in  Bobin  Hood's 
Cave  and  their  contents,  the  surface  soil  yielded  nothing  of 
interest  save  a  few  broken  fragments  of  rather  late  Media)val 
pottery  and  a  few  of  Roman  pottery.  Amongst  the  latter 
was  a  small  piece  of  coarse  Samian  ware.  Beneath  the 
surface  soil,  over  a  large  extent  of  the  cave,  we  come  to  the 
bed  of  limestone  breccia,  of  variable  thickness.  This,  which 
was  intensely  hard,  had  to  be  broken  up  by  frequent  blasting. 
It  was  found  to  contain  bones,  mostly  of  the  same  Pleistocene 
species  which  occur  in  the  succeeding  deposits ;  remains  of 
animals  of  a  later  age  being  but  few,  and  near  the  top.  In 
the  breccia  occur  teeth  and  bones  of  the  bear,  the  fox,  the 
hare,  the  reindeer,  the  hyaena,  and  the  woolly  rhinoceros  and 
horse.  Together  with  these  were  foimd  numerous  flint 
implements,  mostly  chips  and  flakes ;  but  some  few  of  them 
were  carefully  wrought  lanceolate  weapons,  trimmed  on 
either  side,  and  approaching  in  character  the  typical  forms 
from  Solutr^  and  some  other  French  caves,  as  well  as  from 
some  in  Belgium.  The  cave  earth  below  the  breccia  con- 
tained the  relics  of  a  similar  fauna,  with  one  or  two  additions, 
but  a  different  type  of  implements  was  met  with.  There 
were  still  found  chips  of  flint  and  a  few  flakes,  but  none 
presenting  the  more  elaborately  shaped  forms  of  those  of 
the  breccia.  And,  in  addition  to  the  implements  of  flint, 
there  were  foimd  one  or  two  of  bone,  and  there  were  also 
numerous  rudely  fashioned  ones  of  quartzite,  &c.,  roughly 
made  from  water- worn  pebbles.  Some  of  these  were  rather 
more  carefully  trimmed  than  others,  being  chipped  on  both 
faces.  Their  forms  were  oval  for  the  most  part.  There 
were  also  one  or  two  pebbles  that  had  evidentl)'  been  used 
as  hammers,  showing  biniiscd  faces.  These  implements  of 
quartzite  were,  with  but  one  or  two  exceptions,  found  only 
in  the  cave  earth,  the  exceptions  being  two  or  three  which 
occurred  in  the  lower  part  of  the  breccia.      It  has  I>een 
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pointed  out  by  Professor  Dawkins  that  the  type  of  the  cave 
earth  implements  is  that  of  an  earlier  period  than  that  of 
those  of  the  breccia,  and  resembles  that  of  the  river  gravel 
implements  and  of  those  from  the  lowest  strata  in  Kent's 
Hole,  as  well  as  of  those  obtained  from  continental  caves  of 
the  Moustiers'  epoch. 

The  red  sand  bed  next  in  succession  to  the  cave  earth  in 
Robin  Hood's  Cave  was  entirely  destitute  of  any  traces  of 
man,  but  contained  bones  of  most  of  the  animals  already 
met  with,  some  of  the  most  abundant  being  those  of  the 
bison.  No  bones  have  as  yet  been  foimd  imderlying  this 
bed.  The  following  is  a  list  of  the  mammalian  inhabitants 
of  Robin  Hood's  Cave,  found  below  the  uppermost  part  of 
the  breccia : — 

Homo. 

Felis  leo,  var  spelsca. 
HyaDna  spelsea. 
Canis  vulpes. 

J,    lapus. 
Ursus  ferox. 

,,     Arctos. 
Cervus  megaceros. 

In  the  surface  soil  and  in  the  upper  part  of  the  breccia 
there  occurred  some  bones  of  the  domestic  hog,  the  dog, 
goat,  sheep,  and  Celtic  short  honi ;  but  no  implements  of 
a  Neolithic  tjrpe  were  found  associated  with  these.  In  fact, 
Neolithic  man  is  as  far  as  wo  have  yet  learnt  from  these 
caves  altogether  unrepresented  in  them.  From  Roman 
times  we  passr  at  once  into  the  remote  Palaeolithic  past,  two 
stages  of  which  seem  to  be  hero  before  us,  when  man  the 
hunter  and  fisherman  endured  all  the  vicissitudes  of  a 
climate  at  one  time  mild  enough  for  the  hippopotamus  to  be 
an  occupant  of  the  Yorkshire  rivers ;  at  another  so  sevel^ 
that  amid  the  snow  and  ice  of  an  Arctic  wintet,  he  Ivould 


Cervus  tarandus. 
Bison  priscus. 
£quus  caballuB. 
Rhinoceros  tichorhinus. 
Elephas  primigenius. 
Sus  scrofa. 
LepuB  timidus. 


have  to  struggle  for  existence  in  company  with  the  reindeer, 
the  glutton,  and  the  Arctic  fox ;  and  doubtless  contend  at 
times  with  more  formidable  opponents,  who  like  himself 
roamed  amid  the  forests  of  this  part  of  England,  and  found  at 
any  rate  an  occasional  home  in  the  caves  of  Oreswell  Crags. 


On  the  motion  of  Mr.  J.  E.  Forbes,  seconded  by  Mr. 
Greenwell,  a  vote  of  thanks  was  given  to  Professor  Daw- 
kins  for  his  communication. 

Professor  Dawkins  called  the  attention  of  the  meeting  to 
specimens  of  bones,  &c.,  on  the  table,  illustrative  of  the 
paper  which  he  had  read.  Among  the  specimens  were 
several  examples  of  flint  flakes. 

Mr.  AiTKEN  said  he  imderstood,  from  the  paper,  that 
Neolithic  man  was  not  represented  ut  all  in  the  Robin  Hood 
Cave,  and  that  these  implements  are  confined  to  the  Pale- 
olithic period.  Do  the  flint  scrapers  belong  to  that  period  ? 
They  so  closely  resemble  those  attributed  to  the  Neolithic 
age  that,  in  glancing  over  them,  I  should  not  have  hesitated 
to  attribute  them  to  that  period  myself. 

Professor  Dawkins  said  that  one  flake  was  so  much  like 
another  that  it  was  impossible  to  tell  whether  a  piece  of 
flint  such  as  the  one  exhibited,  with  a  cutting  edge,  belonged 
to  the  Neolithic,  Palaeolithic,  or  Roman  ages.  These  imple- 
ments were  associated  with  remains  of  extinct  animals  in 
well-defined  strata;  all  of  them.  There  were  no  traces 
whatever  of  Neolithic  implements  properly  so  called,  nor  in 
any  of  the  caves  had  there  been  found,  as  yet,  the  smallest 
proof  of  the  presence  of  Neolithic  man.  Flakes  of  this 
kind — ^he  meant  rude  and  rough  splinters  of  flint — were 
found  very  widely  distributed.  He  had  himself  found  such 
flakes  in  association  with  Roman  remains  at  Pulborough,  in 


Sussex.  He  took  several  of  them  out  of  a  Boman  coffin, 
into  which  they  had  been  put  for  some  imknown  purpose ; 
and  Colonel  Lane-Fox  had  met  with  similar  flakes  also  in 
association  with  Roman  remains  in  Kent. 

The  following  specimens  were  exhibited  by  Professor 
Dawkins  : — ^A  series  of  fossil  remains  of  wild  animals  and 
of  Palaeolithic  implements  from  the  caves  at  Creswell. 
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ANNUAL  MEETING. 


The  Annual  Meeting  of  the  Members  of  the  Society 
was  held  on  Tuesday,  the  31st  October,  in  the  Literary  and 
Philosophical  Society's  Rooms,  George  Street,  Manchester. 
Mr.  Joseph  Dickinson,  F.G.S.,  Vice-President,  in  the  chair. 

The  following  Report  of  the  Coimcil  was  read  by  Mr.  J. 
E.  Forbes,  F.G.S.,  Honorary  Secretary  :— 

Report  of  the  Council  for  1875-6. 

The  Council  of  the  Manchester  Geological  Society  beg  to 
report  to  the  Members,  that  as  far  as  concerns  the  material 
condition  of  the  Society,  in  respect  to  its  body  of  Members 
and  finances,  it  is  in  a  satisfactory  state.  The  number  of 
Members,  after  balancing  the  gains  against  the  losses  during 
the  year,  is  practically  unaltered  from  that  of  last  year, 
whilst  the  invested  fund  has  been  increased  to  £600., 
owing,  however,  to  a  heavier  expenditure  than  usual, 
arising  chiefly  from  the  principal  cost  of  printing  in  the 
preceding  year  being  included  in  this  year's  bills,  and  the 
exceptional  cost  of  new  books  and  of  the  6-«inch  Geological 
maps  of  Lancashire,  the  outlay  has  exceeded  the  income, 
leaving  a  small  balance  due  to  the  Treasurer. 

The  Council  feel  sure  the  Society  will  concur  with  them 
that  it  is  desirable  to  increase  the  Library  as  far  as  the  funds 
will  allow,  by  the  purchase  of  standard  works  on  Geological 
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and  Mining  Science,  and,  especially  on  maps  which  throw 
any  information  on  the  geology  of  Lancashire  and  Cheshire. 

The  Library  has  lately  been  growing  so  fast  that  the 
Coimcil  for  the  coming  session  will  be  necessitated  to  provide 
additional  bookcases. 

The  sale  of  the  transactions  has  not  been  great,  so  that  the 
stock  in  hand  remains  about  the  same.  The  additions  con- 
sisting of  the  stock  of  the  parts  issued  during  the  year,  i.e., 
parts  1,  2,  3,  and  4  of  volume  14.  The  Council  believe  that 
part  of  the  large  stock  of  the  earliest  transactions  might  be 
advantageously  sold. 

The  Council  regret  very  much  that  they  are  not  able  to 
report  to  the  members  as  favourably  of  the  ordinary  meetings 
in  the  session  as  was  fortunately  the  case  with  their  prede- 
cessors in  1875.  It  has  frequently  been  complained  of  that 
members  do  not  render  the  Council  that  support  which  is 
essential  to  the  life  and  vigour  of  a  scientific  body,  pursuing 
and  studying  a  science  both  with  a  practical  and  commercial, 
as  well  as  with  an  intellectual  object. 

The  Council  cannot  believe  that  they  are  exceeding  their 
proper  duty  if  they  revert  to  the  very  favourable  circum- 
stances, both  in  the  condition  and  in  the  locality  of  the 
Society,  which  have  nearly  all  the  conditions  that  ought  to 
conduce  to  a  more  active  state  of  scientific  inquiry  and  work 
amongst  its  members.  It  is  well-known  that  many  members 
are  in  an  excellent  position  to  be  able  to  contribute  papers  to 
the  meetings,  embracing  their  personal  observations  and 
practically  acquired  knowledge,  both  in  mining  and 
geological  matters,  and  the  Council  make  an  earnest  appeal 
to  those  members  who  are  engaged  in  the  management  and 
working  of  the  coal  and  iron  mines  in  South  Lancashire — 
one  of  the  busiest  districts  in  the  mining  world — ^to  give 
their  attention  to  the  claims  of  the  Society,  and  aid  the 
Council  to  provide  papers  of  interest  for  the  meetings  of  the 


memberSy  so  that  the  occasion,  which  they  have  at  present  to 
lament,  may  not  recur  at  the  future  meetings  of  the  members. 

The  Coimcil  regret  that,  from  circumstances  of  an  urgent 
nature  in  business,  the  meetings  of  the  members  were  held 
without  the  presence  of  the  President  upon  any  one 
occasion ;  and  they  still  more  haye  to  regret  that,  out  of  the 
nine  meetings  held  during  the  session,  at  several  of  them 
neither  papers  nor  subjects  for  discussion  were  presented — 
even  in  sciences  so  fertile  in  new  discoveries  and  theoretical 
views  as  Geology  and  Mining. 

In  the  last  report  the  Coimcil  felt  it  necessary  to  draw 
attention  to  the  action  of  ''The  Senate  of  The  Owens 
College  "  in  their  manner  of  carrying  out  "  the  articles  of 
agreement "  between  the  Geological  Society  and  the  Trustees 
to  whom  the  G^logical  collection  was  transferred  for  presen- 
tation to  The  Owens  College.  The  Council,  as  the  successors 
of  the  original  donors,  feel  it  their  duty  to  see  that  the 
conditions  as  to  the  right  of  admission  for  the  members  and 
for  the  public  to  the  Geological  Museum  at  The  Owens 
College  be  fairly  carried  out  by  "  The  Senate  of  The  Owens 
College."  Yet  the  Council  regret  to  find  that  in  the 
calendar  for  1876-77  of  The  Owens  College  the  stated  condi- 
tions for  gaining  admission  to  the  Museum  are  neither  in 
spirit,  or  to  the  letter,  in  accordance  with  the  5th  clause  of 
the  original  agreement;  and  they  feel  it  necessary  to 
remonstrate  against  the  restrictions  which  are  sought  to  be 
imposed  upon  the  members  of  this  Society  in  respect  to  their 
guaranteed  rights  of  admission  to  the  Museum  "  for  them- 
selves and  their  friends,"  as  they  formerly  enjoyed  when  the 
Museum  was  their  own  in  Peter  Street. 

The  Council  trust  that  their  successors  will  not  lose  sight 
of  this  import^t  question,  and  be  able  to  report  at  the  next 
meeting  that  a  proper  rendering  of  ''  the  agreement "  has 
been  adopted  by  The  Owens  College* 
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NEW   ORDINARY   MEMBERS. 


Cunliffe,  P.  G.,  Handfortk 
Higson,  John,  98,  Albert  Square. 
Peace,  George,  Eccles. 
Thompson,  Joseph,  Norley,  Wigan. 
Traice,  W.  H.  J.,  Pendleton. 
Woodward,  H.  A.,  Clifton. 


DECEASED. 


Brongniart,  Adolphe. 


RESIGNED. 


Brierley,  Joseph. 
Eccles,  James. 
Ghm,  Captain  H.  A. 
Traice,  W.  H.  J. 
Webster,  R.  C. 
Woods,  Henry. 
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THE  FOLLOWDTG  PAPERS  AND  COMMUNICATIONS 

HAVE  BEEN  BROUGHT  BEFORE  THE  ORDINARY 

MEETINGS  DURING  THE  SESSION. 


1875. 
Oct.     26.    Annual  Meeting. 

Nov.  30.     "  Stigmaria  Ficoides"  in  the  Coal  of  Lcinster,  Ireland, 

by  Mr.  J.  Dickinson. 

'*  Ago  of  the  New  South  Wales  Coal  Beds,"  by  Pro- 
fessor  Dawkins. 

Dec.    31.     "On    Measuring    Air    in    Mines,"    by    Mr.  Joseph 

Dickinson. 

1876. 
Jan.     25.     ''On  Drift  Deposits  on  the  Western  Pennine  Slopes  of 

the  upper    drainage  of  the  Rivers  Calder  and 
Irwcll,"  by  Mr.  John  Aitken. 

**Ona  submerged  Forest,  near  Holmfirth,"  by  Mr. 
John  Plant. 

''Yivianito  from  Peat,  at  Barton-on-Irwell,"  by  Mr. 
J.  Plant. 

Feb.    29.     *'0n  the   Sub-Wealden  Exploration,"   by   Professor 

Dawkins. 

"  On  Explosions  in  Mines,"  by  Mr.  G.  C.  Green  well. 
Mar.    24.     No  Paper. 
April  25.     **  Discoveries  at  Creswell  Crags,"  by  Mr.  John  Plant. 

**  On  Fires  in  Coal  Mines,"  by  Mr.  Joseph  Thompson. 

May    27.     "On  the  Exploration  of  Creswell  Crags  Caves,"  by 

Rev.  J.  M.  Mello  and  Mr.  Thomas  Heath. 
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The  Report  was  adopted  and  ordered  to  be  printed. 

The  following  gentlemen  were  then  proposed  and  seconded, 
and  declared  duly  elected  as  Officers  and  Members  of  the 
Council  for  the  ensuing  year : — 

^rtsibtnt. 
PROFESSOR  W.  BOTD  DAWKINS,  F.R.S.,  F.G.S. 

@itt-^r£8iirtict8. 


HON.  A.  EGERTON,  M.P. 
LORD  GERARD,  of  Bryn. 


OLIVER  HEY  WOOD. 
G.FEREDAY  SMITH,  F.G.S. 


(Bx  officb  9ict-^rt8xbtnt6. 


JAMES  HEYWOOD,  F.R.S. 
G.  W.  ORMEROD,  F.G.S. 
E.  W.  BINNEY,  F.R.S. 
SIR  J.  P.  KAY  SHUTTLE- 
WORTH,  BART. 
JOS.  DICKINSON,  F.G.S. 
ANDREW  KNOWLES. 


G.  C.  GREENWELL,  F.G.S. 
JOHN  AITKEN,  F.G.S. 
JOHN  KNOWLES,  M.I.C.E. 
THOMAS  KNOWLES,  M.P. 
W.BOYD  DAWKINS,  F.R.S. 
CLIFFORD  SMITH,  F.G.S. 


HENRY  MERE  ORMEROD,  F.G.S. 

Stcxtimts. 
JOHN  EDWARD  FORRES,  F.G.S.  |    JOSEPH  S.  MARTIN. 


9ihtt  ^mbtXB 
H.  H.  BOLTON. 
R.  D.  DARBISHIRE,  F.G.S. 
RALPH  FLETCHER,  JUN. 
G.  C.  GREENWELL,  JUN. 
CHARLES  HARDWICK. 
JOHN  HIGSON. 


of  i\t    tfonnxil 

W.  H.  JOHNSON,  B.Sc. 
GEORGE  PEACE. 
JOHN  PLANT,  F.G.S. 
J.  F.  SEDDON. 
A.  W.  WATERS,  F.G.S, 
GEORGE  WILD. 


JOHN  HEELIS. 


^bitors. 

I     W.  J.  GRIM8HAW. 
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LIST    OF    MEMBERS. 

NovEatBEB,  1876. 


The  Kamee  of  Honorary  Members  are  printed  in  Italia, 
*  Members  who  have  compoonded  for  the  Annual  Subecription. 


Year  of 
Election. 


1874 
1863 
1862 
1865 
1864 

1866 
1875 
1875 
1858 

1862 
1838 

1867 
1861 
1859 
1862 

1875 
1874 
1874 
1860 
1859 

1862 


Agassiz,  Alexandre,  Cambridge,  Massachussetts,  U.S. 
Aitkcn,  John,  F.G.S.,  Eacup.     Ex-PreBident. 
Alcock,  Thomas,  M.D.,  Oak  Field,  Ashton-on-Mersej. 
Ashworth,  Edward,  Stagg  Hills,  Waterf  cot,  near  Manchester. 
Ashworth,  John,  Eosc  Hill,  near  Bolton. 

Bamford,  J.  B.,  Mining  Engineer,  Eochdale. 

Bangay,  Dr.,  Cheadle,  Cheshire. 

Barrett,  W.  S.,  49,  Old  Hall  Street,  Liverpool. 

Bazley,  Sir  Thomas,  Bart.,  M.P.,  Eyford  Pai'k,   Stow-on- 

the-Wold,  Gloucestershire. 
Bcswicke,  William,  South  Parade,  Eochdale. 
Binney,  E.  W.,  E.R.S.,  F.G.S.,   55,  Peter  Street,  Man- 

Chester,  Ex-President. 
Bolton,  H.  H.,  Newchurch,  near  Manchester. 
Brooks,  Thomas,  Sunnyside,  llawtenstall. 
Bryham,  William,  Eose  Bridge  Colliery,  Wigan. 
♦Buccleuch,  His  Grace  the  Duke  of,  Whitehall  Gardens, 

London,  S.W. 
Burrows,  Abraham,  Atherton  Collieries,  near  Manchester. 
Byrom,  W.  A.,  F.G.S.,  31,  King  Street,  Wigan. 
Crofton,  Eev.  A.,  M.A.,  Reddish,  Stockport. 
Crowther,  Samuel,  Bradford  Offices,  Bolton. 
♦Coulthard,  J.  Eoss,  F.E.S.L.,  Croft  House,  Ashton-under- 

Lyne. 
Cross,  John,  78,  Cross  Street,  Manchester. 
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Year  U 


1861 

1868 
1876 

1869 

1862 
1860 

1856 

1875 
1859 

1838 

1852 
1838 
1838 
1860 
1865 

1863 
1873 
1875 

1868 
1857 

1873 
1874 

1858 
1856 
1852 


Cross,  Jolm,  Gidlow  House,  Wigan. 

Craig,  William  Young,  Alsager,  Stoke-on-Trent. 

CunlifPe,  P.  G.,  The  Elms,  Handforth,  near  Manchester. 

Dawkins,  Professor  "W.  Boyd,  M.A.,  P.E.S.,  The  Owens 
College,  Manchester.     Prendent. 

♦Derby,  The  Eight  Hon.  the  Earl  of,  Knowsley. 

Darbishire,  R.  D.,  B.A.,  F.G.S.,  26,  George  Street,  Man- 
chester. 

Dickinson,  Joseph,  P.G.S.,  H.M.  Inspector  of  Mines, 
South  Bank,  Pendleton.     JBa-Prendrnt. 

Diggle,  A.  A.,  Hindlcy  Green  Hall,  Leigh. 

Diggle,  James,  Westleigh  Colliery,  Leigh. 

♦Egcrton,  Sir  Philip  de  Malpas  Grey,  Bart.,  M.P.,  F.R.S., 

Oulton  Park,  Tarporley.     JEx-PreMent, 
Egerton,  The  Hon.  Algernon,  M.P.,  Worsley  Hall. 

EmhleUm,  T.  TT.,  The  Cedars,  Methley,  Leeds. 

• 

EnnukiUen,  Earl  of,  F.R.S.,  Elorence  Court,  Eermanagh. 
Eskrigge,  R.  A.,  E.G.S.,  18,  Hackin's  Hey,  Liverpool. 
Evans,  Walter,  Middleton,  near  Manchester. 

Earrer,  James,  12,  Market  Street,  Bury. 

Eletcher,  Herbert,  The  Hollins,  Bolton. 

Eletcher,  Ralph,  jun.,  Atherton  Collieries,  near  Man- 
chester. 

Eletcher,  Thomas,  Haulgh,  Bolton. 

Eorbes,  John  Edward,  E.G.S.,  5,  York  Street,  Manchester. 
Exm,  Secretary. 

Garforth,  W.  E.,  Lord's  Field  Colliery,  Ashton-under-Lyne. 

Geikie,  Archibald,  LL.D.,  E.R.S.,  Ramsay  Lodge,  Edin- 
burgh. 

Gerard,  Lord,  Bryn  and  Grarswood,  near  Warrington. 

Gilroy,  George,  Lace  Hall  Colliery,  Wigan. 

Greg,  Robert  Philips,  E.G.S.,  Coles  Park,  Buntingford 
Herts. 
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•YewoC 
Bleation. 


1863 

1874 
1865 

1838 
1866 
1864 
1861 
1864 
1874 

1874 

1860 
1875 
1874 
1838 

1862 
1876 
1874 


1875 
1874 
1858 
1870 
1844 

1856 
1859 
1864 
1858 


Greenwell,  G.  C,  F.G.S.,  TojnUm,  near  Stockport.    JSp- 

JPretidemt. 
Greenwell,  G.  C,  jimr.,  Foynton,  near  Stodq^rt. 
Giimshaw,  W.  J.,  Stand,  Whitefield,  near  Manchester. 

Hadficld,  George,  24,  Fonntain  Street,  Manchester. 
HaD,  John,  Balderstonc,  Walmerslej. 
Hall,  Eobert,  Hope  Foundry,  Bury. 
Harbottle,  "W.  H.,  Orrell  Colliery,  near  "Wigan. 
Faidwick,  C,  72,  Talbot  Street,  Moss  Side,  Manchester. 
JEratckitu,  B.  W.,  F.G.S.,  Century  Club,  East  15th  Street, 

New  York. 
HawkshaWf  Sir  John,  Enight,  F.E.S.|  38,  Great  George 

Street,  Westminster,  S.W. 
Heelis,  John,  37,  Cross  Street,  Manchester. 
Hetherington,  Joseph,  17,  Dickinson  Street,  Manchester. 
Hewlett,.  W.  H.,  Wigan  Coal  and  Iron  Co.,  Wigan. 
♦Heywood,  James,  F.R.S.,  F.G.S.,  26,  Kensington  Falaee 

Gardens,  London,  W.     Ex-President, 
Hcywood,  Oliver,  Acresfleld,  Pendleton. 
Higson,  John,  98,  Albert  Square,  Manchester. 
HuU,  Professor  Edward^  M.A.,  F.R.S.,  14,  Hulme  Street, 

Dublin. 

Jackson,  J.,  5,  "Wood  Street,  Bolton. 
Johnson,  J.  H.,  F.G.S.,  Strangeways,  Wigan. 
Johnson,  Kichard,  27,  Dale  Street,  Manchester. 
Johnson,  W.  H.,  B.Sc,  27,  Dale  street,  Manchester. 
♦Joule,  J.P.,  LL.D.,  F.R.S.,  Cliff  Point,  Higher  Broughton. 

Knowles,  Andrew,  High  Bank,  Pendlcbury.   Ex-President, 
Knowles,  John,  Westwood,  Pendlebury.    Ex-President 
Knowles,  Kay,  Swinton  Old  Hall,  Pendlebury. 
Knowles,  Thomas,   M.P.,    Ince   Old  Hall,   Wigan.    Ex' 
President 
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Year  of 


1858 
1860 
1862 
1838 
1861 

1873 

1875 
1838 
1874 

1875 
1864 

1874 
1838 
1874 


1864 
1876 
1873 
1873 
1861 
1851 
1867 
1866 
1874 

1860 

1873 
1866 
1858 


Iiancaster,  John,  F.G.S.,  Bilton  Grange,  Engbj. 
*Litler,  H.  William,  Wallerscote,  Leamington. 
Liveaey,  Glegg,  Bredbmy  Colliery,  near  Stockport. 
Livesey,  Thomas,  Alton  Grange,  Ashby-de-la-Zouch. 
Lynde,  J.  G.,  F.G.S.,  City  Hall,  Manchester. 

Martin,  Joseph  S.,  H.  M.  Inspector  of  Mines,  Park  Villas, 

Frestwich.    Mm.  Secretary, 
Morris,  Daniel,  P.G.S.,  Grammar  School,  Burnley. 
Morton^  Charles,  The  Grange,  Southport. 
Morton,  O,  JST.,  F.G.S.,  21,  West  Derby  Street,  Liverpool. 

Ncsbitt,  George,  100,  Burlington  Street,  Manchester. 
Nuttall,  Thomas,  Colliery  Surveyor,  Bury. 

Ormtrod,  O.  W.,  M.A.,  F.G.S.,  Brookbank,  Tcignmouth. 
Ormerod,  H.  M.,  F.G.S.,  5,  Clarence  Street,  Manchester. 
Owen,   Ftofeeeor  Richard^    D.C.L.,    F.R.S.,    &c.,   British 
Museum,  London,  W.C. 

Park,  James,  Ironfounder,  Bury. 
Peace,  G^rge,  Beech  House,  Eccles. 
Filkington,  Edward,  Clifton  Collieries,  near  Manchester. 
Pilkington,  Alfred,  Clifton  Collieries,  near  Manchester'. 
Pickup,  Peter,  F.G.S.,  Townley  Colliery,  Burnley. 
Plant,  John,  F.G.S.,  Boyal  Museum,  Peel  Park,  Salford. 
Badcliffoy  James,  Lord's  Field  Colliery,  Ashton-under-Lync. 
Badcliffe,  Eichard,  Preston  Kew  Road,  Blackburn. 
Ranmay,  Ftofesew,  A.  C,  LL.D.,  F.E.S.,  &c.,  15,  Cromwell 

Crescent,  South  Kensington,  S."W. 
Eidyard,  John,  Walkden,  Worsley. 

Seddon,  J.  F.,  Great  Harwood  Collieries,  Accrington. 
Selby,  Atherton,  M.E.,  Leigh. 

Shuttleworth,  Sir  James  P.  Kay,  Bart.,  F.G.S.,  Gawthorpe 
Hall,  Burnley.    Ex-Preeident, 
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Ymral 


1864 
1838 

1873 

1866 
1844 

1862 

1859 

1876 
1858 
1873 

1862 
1862 
1874 
1865 
1867 
1859 
1860 
1838 
1874 

1876 


Smcthunt,  William,    r.6.S.,    Gaiswood   Hall    Collieiy, 

AshtoDy  near  "VUgan. 
Smith,  6.  Feieday,  MJL^  F.6.S.,  Giovehnrst,  Tnnbridge 

Veils. 
Smith,   Clifford,  F.6.S.,   Paikfield,    Swinton,   near  Man- 

Chester.    Ex-Pretident. 
Sopwith,  Arthur,  F.G.S.,  Cannock  Chase  Collieries,  Walsall. 
Sopwith,    Thomoi,    3I.A.,   F.R.S.,   F.G.S.,    103,  Victoria 

Street,  Westminster,  S.W. 
Spence,  Peter,  F.C.S.,  Erlington  House,  Seymonr  Grove, 

Old  Trafford. 
Statter,  Thomas,  Stand,  Burr. 

Thompson,  Joseph,  F.G.S.,  Xorley  Collieries,  Wigan. 
♦Trafford,  Sir  Humphrey  De,  Bart.,  Trafford  Park. 
Tonge,  James,  Hnlton  Colliery,  near  Bolton. 

Wadham,  Edward,  Millwood,  Dalton-in-Fumess 

♦Walsh,  Eli,  Over  Darwcn. 

Waters,  A.  W.,  F.G.S.,  Woodbrook,  Alderlcy  Edge. 

Whipp,  Thomas,  Hawthorn  Villas,  Prestwich. 

Wild,  George,  Bardsley  Colliery,  Ashton-nndcr-Lyne. 

Wild,  John,  Glodwick,  Oldham. 

Wild,  Samuel,  Dean  House,  Buersill,  Eochdale. 

FFiZson,  Thomas,  Hillary  Place,  Leeds. 

Woodhouse,  J.  T.,  F.G.S.,  M.I.C.E.,  Ovcrseal,  near  Ashby- 

de-la-Zouch. 
Woodward,  H.  A.,  Clifton,  near  Manchester. 
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PAST  PBESIDEirrS  OF  THE  SOCIETY. 


Year  of 
KliBCiton. 


1838-9^0 

1841-2-3 

1843-4-5 

1845.e-7 

1847-8-9 

1849-50-1 

1851-2-3 

1853-4-5 

1855-6-7 

1857-8-9 

1859-60-1 

1861-2-3 

1863-4-5 

1865-6-7 

1867-8-9 

1869-70-1 

1871-2-3 

1873-4 

1874-5 

1875-6 


Egerton,  The  Et.  Honourable  Erancis,  M.P. 

Heywood,  James,  F.R.S.,  F.G.S. 

Egerton,  Sir  Philip  dc  Malpas  Grey,  Bart.,  M.P. 

Mosley,  Sir  Oswald,  Bart. 

Thicknesse,  Ealph,  M.P.,  Wigan. 

Heywood,  James,  M.P.,  E.E.S. 

Black,  James,  M.D.,  F.G.S. 

Ormerod,  G.  W.,  M.A.,  F.G.S. 

Egerton,  Sir  Philip  de  Malpas  Grey,  Bart.,  M.P. 

Binney,  E.  W.,  F.R.S.,  F.G.S. 

Kay-Shuttleworth,  Sir  J.  P.,  Bart,  F.G.S. 

Dickinson,  Joseph,  F.G.S. 

Enowles,  Andrew. 

Binney,  E.  W.,  F.R.S.,  F.G.S. 

Greenwell,  G.  C,  F.G.S. 

Aitken,  John,  F.G.S. 

Knowles,  John,  M.I.C.E. 

Enowlcs,  Thomas,  M.P. 

Dawkins,  Professor  Boyd,  F.R.S.,  F.G.S. 

Smith,  Clifford,  F.G.S. 
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ADDITIONS   TO   THE   LIBRAEY,    1875-6 


TBAN8ACnON8 : — 

1.  London    Geological    Society. — "  Qnarterly    Journal." 

Nos.   125  to   127,   and  Abstracts  for  the  Session 
1875-6.    From  the  Society. 

2.  London  Geologists*  Association. — "  Proceedings."    Nos. 

5,  6,  7,  8.    Vol.  4.    Annual  Report,  1875.    From 
the  Council. 

3.  South  Wales  Institute  of  Engineers. — "Proceedings." 

Nos.  3,  4,  5.    Vol.  9.    From  the  Council. 

4.  Bristol  Naturalists'  Society. — "  Proceedings."    Part  1-8. 

Vol.  1.     1874-6.     Frorii  the  Society. 

5.  Literary  and  Philosophical  Society  of  Manchester. — 

'*  Proceedings."  Session  1874-5.    From  the  Council. 

6.  Royal    Geological    Society    of    Ireland.  —  "Journal." 

Part  2.    Vol.4.     1874-5.    From  the  CounciL 

7.  Watford    Natural    History   Society. — "  Transactions." 

Parts  3,  4,  5.     Vol.  1.     From  the  Society. 

8.  Royal  Institution  of  Cornwall. — "Journal."  No.  XVIII. 

1876.    From  the  Society. 

9.  Royal  Dublin  Society.— "  Journal."    No.  44.    Vol.  7 

1875.  From  the  Society. 

10.  Royal  Physical   Society,   Edinburgh. — "Proceedings." 

Session  1874-5.     From  the  Council. 

11.  Natural  History  Society  of  Glasgow. — "Proceedings." 

VoL2.    Part  2.  1876.    From  the  Council. 

12.  Bulletin  de  la  Soci6t4  Vaudoise  des  Sciences  Naturelles. 

Vol.  14.     No.  75.     1876.     From  the  Society. 

13.  Memoirs  do  la  Soci6t^  Geologique  du  Nord.     Part  1. 

1876.  From  the  Society. 

14.  Atti  della   Societa  Toscana.      Vol.   1.     Part  1,  2,   3. 

Vol.  2.    Part  1.     1875-6.     From  the  Society. 

15.  Sitzungs. — Berichtc  der  naturwissenscha  f tlichen  Gcsell- 

schaft  "Isis"  in  Dresden.    3  Parts.    1875-6.    From 
the  Society. 
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16.  Chester  Soeiety  of  National  Scieiice.<^Aimual  Beport 

for  1875-6.     From  the  Society. 

17.  Dundee  Free  Library. — Keporta  for  1874-5.     From  the 

Comnuttee. 

18.  Devon    and    Exeter    Albert    Memorial    Museum    and 

Library. — Eeport  for  1875.    From  the  Committee. 

19.  Leeds  Naturalists'  Club.— Eeporte  for  1875-6.     From 

the  Committee. 

20.  Leicester  Literary  and  Philosophical  Society. — ^'  Eeport 

for  1876."    From  the  Council. 

21.  Leicester  Town  Museum. — "Eeport for  1876."     From 

the  Committee. 

22.  Manchester  Field   Naturalists   Society. — "Eeport  for 

1875."     From  the  Society. 
28.     North  Staffordshire  Naturalists  Field  Club.— "  Export 
for  1876."    From  the  Club. 

24.  Eeports  of  the  Sub-Wealden  Exploration,  firom  1872  to 

1876. 

25.  Catalogue  of  Books  added  to  the  Eadcliffc  Library,  Ox- 

ford, in  1875. 

26.  Eeports  of  the  Inspectors  of  Mines  for  1875.     Presented 

by  Joseph  Dickinson,  F.G.S. 

27.  The  Coal  Viewer  and  Engine  Builder,  by  John  Curr. 

1797.     Presented  by  W.  J.  Grimshaw. 

28.  Carboniferous  Flora.     Part  4.     "  Sigillaria  and  Stig- 

maria."    By  E.  TV.  Binney,  F.E.S.,  F.G.S.    From 
the  Author.  (Paloeontographical  Society  Publication.) 

29.  On  the  Eelative  Ago  of  Post-Glacial  Deposits  in  the 

North  and  South  of  England.     By  C.  E.  De  Eance, 
F.G.S.     From  the  Author. 

30.  Cause  of  the  Gkcial  Period.    By  Dr.  C.  Eicketts,  F.G.S. 

From  the  Author. 

31 .  The  Ice  Age  in  Britain.     By  Ealph  Eichardson,  F.E.S.E. 

From  the  Author. 
82.     Palaeontology  of  the  Carboniferous  Strata,    West    of 
Scotland,  with  Vertical  Sections.     By  Dr.  Hunter. 
Parts  1  and  2.     1875.    From  the  Author. 
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33.    Eoyal  Society  of  New  South  Wales. — ^Address  by  Her* 

W.  B.  Clarke,  M.A.,  F.G.S.    From  the  Author. 
84.    PrimflDTal  World  of  Switzerland.      By  Professor  Heer. 

Edited  by  James  Heywood,  F.R.8.     1876.      From 

the  Editor. 
35.    The  Owens  College  Calendar,  Session  1876-7.     From 

Principal  Greenwood,  LL.D. 

Fboh  the  TJioTED  States  aitd  Canada. 

1.  Smithsonian  Institution,   TJ.SA. — ^Annual    Eeport   for 

1874. 

2.  Transactions    of    the    American    Institute  of   Mining 

Engineers.      Vol.  3.     1874-5    Ryl.  8vo.    pp.  464. 
From  the  Council. 
Hatdek,  F.  V. : — 

3.  Report  of  the  United  States  Survey  of  the  Territories. 

Vol.  2.     4to.     1875.      "Vertebrata  of  the  Creta- 
ceous Formations  of  the  West."    By  E.  D.  Cope. 

4.  Vol.  9.     4to.      1876.     *' Report  on  the  Invertebrate 

Cretaceous    and    Tertiary    Fossils    of    the    Upper 
Missouri  County."    By  F.  B.  Meek. 

5.  Vol.  10.     4to.     1876.     "Monograph  of  the  Geometrid 

Moths  or  Phalaenideo  of  the  United  States."     By 
A.  S.  Pickard,  junr.,  M.D. 

6.  United  States  Geological  Survey  of  Montana  and  adjacent 

Territories.     1870-1.     Two  Vols.     8vo. 

7.  United  States  Geological  Survey  of  Nebraska.     Final 

Report.     1872.     8vo. 

8.  United  States  Geological  and  Geographical  Survey  of 

Colorado.     1873.     1876.     2  Vols.    8vo. 

9.  Bulletin  of  the  United  States  Geological  and  Geographi- 

cal Survey  of  the  Territories.    Nos.  1  to  6.     Second 
Series.     1874-5. 

10.  Ditto.  Vol.  2.     Nos.  1,  2,  4.     1876. 

11.  Catalogue  of  Publications  of  the  United   States   Geo- 

logical Survey.     1874.     pp.  20. 

12.  Catalogues  of  Photographs  of  the  United  States  Oteo- 

logical  Survey.     1 874-5 , 
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13.  list  of  Elevations  West  of  the  Mississippi  Kiver.     1875. 

pp.  72. 

14.  Meteorological  Observations  in  Colorado  and  Montana 

Territories.    1873-4.    By G.  B.  Chittenden,  pp.57. 
CoLVDf,  Verplakck  : — 

15.  Topographical  Survey  of  the  Adirondack  "Wilderness  of 

New  York.     Report  for  the  Year  1873-4.     8vo. 

16.  First  Annual  Report  of  the  State  Parks  of  "New  York. 

1874.    pp.  22. 
Agassiz,  Alesjlsdix.: — 

17.  Annual  Report  of  the  Trustees  of  the  Museum  of  Com- 

parative Zoology  at  Harvard  College.     1875. 
CUBBIEB,  Db.  J.  M. : — 

18.  Archives  of    Science,   Orleans,  County  Vermont,  TJ.S, 

Vol.  1.     Nos.  8-9.     1874. 

VlNCHELL,  N.  H. : — 

19.  Geological  and  Natural  History  Survey  of  Minnesota. 

3rd  and  4th  Annual  Reports.    1875-6. 

20.  Vegetable  Remains  in  Drift  deposits  in  the  North- West. 

1875. 

21.  On  the  Parallelism  of  Devonian  Outcrops  in  Michigan 

and  Ohio.     1875. 

22.  Report  of  a  Reconnaissance  of  the  Black  Hills  of  Dakota. 

made  in  the  Summer  of  1874.    By  Captain  William 
Ludlow,  U.S.A.     1875. 

23.  Report  of  Explorations  in  the  Mineral  Regions  of  Min- 

nesota in  1848,  1859,  and  1864.     By  Col.  Charles 
Whittlesey,     pp.  54.      1866. 
Selwyx,  a.  R.  C.  : — 

24.  Report  of  Progress  of  the  Geological  Survey  of  Canada 

for  1874-5. 

25.  Catalogue  of  Canadian  Minerals  and  Rocks  in  the  Phila- 

delphia International  Exhibition.      1876.     From 
the  Geological  Survey  of  Canada. 
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ADDITIONS    BY    PUECHA8E. 

Croll,  James — Climate  and  Time.     1875. 

Dana. — ^A  System  of  Mineralogy.  Pifth  Edition.  Ec-written  and 
enlarged,  and  illustrated  with  upwards  of  600  woodcuts. 

Appendix  to  ditto. 

Second  Appendix  to  ditto,  by  Geo.  J.  Brush. 

Dana. — System  of  Mineralogy.  Manual  of  Determinative  Miner- 
alogy, with  an  Introduction  on  BlowPipc  Analysis. 
By  George  J.  Brush.     2  Vols.     8vo.     New  York. 

Geological  Magazine.     1876. 

Geological  Record  for  1874. 

Tate  and  Blake.— The  Yorkshire  Lias.     8to.     1876. 

31  Geological  Maps  of  the  6-inch  Scale  of  the  Lancashire  Coal  Field. 

8  Vertical  and  Horozontal  Sections  in  illustration  of  the  aboye. 


Societies  with  whom  the  Societt  Exchanges  its  TBAXsAcnoKSy 
AND  Institutions  and  Jotjbnals  to  whom  a  Copt  is  sent  Fbee. 

I. — England. 

London   British  Museum. 

Geological  Survey. 

Geological  Society. 

Geologists'  Association. 

Royal  Institution. 

Royal  Society. 
Manchester The  Owens  College. 

Literary  and  Philosophical  Society. 

Free  Library,  Camp  Field. 

Scientific  Students'  Association. 

Salford  Royal  Museum  and  Library. 
Liverpool    Geological  Society. 

Free  Library  and  Museum. 
Leeds Geological  and  Polytechnic  Society. 

Free  Library. 

Philosophical  and  Literary  Society. 
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Leicester Literary  and  Philosophical  Society. 

Birmingham  ....  Free  Lihrary  and  Museum. 

Cambridge Geological  Museum,  University. 

Oxford    Geological  Museum,  University. 

Exeter    Albert  Museum  and  Library. 

Cornwall    Royal  Geological  Society,  Penzance. 

Royal  Institution,  Truro. 

Truro Miners'  Association  of  Cornwall  and  Devon. 

Bristol   Naturalists'  Society. 

Warwick    Natural  History  Society. 

Swansea South  Wales  Listitute  of  Engineers. 

BamsUy Midland  Institute  of  Mining  Engineers. 

Dudley   Geological  and  Scientific  Institute. 

NewcastU-on-Tyne  Institute  of  Mining  Engineers. 

Sheffield Free  Library  and  Museum. 

So^h  Shields. . . .  Public  Free  Library. 

Watford Natural  History  Society. 

11. — SCOTLAITD. 

Edinburgh Geological  Society. 

Royal  Society. 

Royal  Physical  Society. 
Glasgow Geological  Society. 

Natural  History  Society. 
Dundee   • Free  Library  and  Museum. 

III. — Ibelakd. 

Dublin    Royal  Dublin  Society. 

Royal  Geological  Society  of  Ireland. 
Belfast Natural  History  Society. 

IV.— FoEEXON  Societies. 

Berlin    .  • Geological  Society  of  Germany. 

Calcutta Geological  Survey  of  India. 

Christiania    ....  Royal  University  of  Norway. 

Dresden  ...»..,.  Natural  History  Society  "  Isis." 
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Latuanne  fSuisteJ  Societie  YaudoiBe  des  Sciences  Natarelles. 

Lille  Soci6t6  G^ologique  du  Nord. 

Paris Soci^tA  Geologique. 

St.  PeUrshwrgh  . .  Academy  Imperial. 
Turin Academic  Boyale. 

V. — Canada  and  United  States. 

Montreal    Geological  Survey  of  Canada  (A.  B.  C.  Selwyn, 

F.G.S.,  Director). 

McGiU College  (PrincipalJ. TV.  Dawson,  F.G.S.) 

Albany y  U.8 Verplanck  Colvin. 

Boston,  U.8 Free  Library. 

H.  D.  Rogers,  State  Geologist. 
Columbus^  U,S,...  Ohio,    Geographical    Survey    of    (Dr.    J.    S. 

Newberry,  F.G.S.) 

JEaston,  CT.S American  Institute  of  Mining  Engineers. 

Indiana,  U.S.    . .  E.  C.  Cox. 

New  Haven,  U.S.   Professor  0.  C.  Marsh,  F.G.S. 

Silliman^s  Journal. 
St.  Louis,  U.S..,   G.  C.  Broadhead,  State  Geologist. 
Washington,  U.S.   Dr.  F.  V.  Hayden,  U.S.  Geologist. 

Smithsonian  Institution. 

VI ,  — Australia  . 

Melbourne Public  Library  of  Victoria. 

Sydney   »  . .  Free  Public  Library-. 

Royal  Society. 
Newcastle    John  Mackenzie,  F.G.S. 

VII. — Scientific  JointNALs,  &c. 

Quarterly  Journal  of  Science,   Geological  Magazine,  Nature, 
Science  Gossip,  Mining  Journal,   Colliery  Guardian. 


TRANSACTIONS 

OF    THE 

MANCHESTER  GEOLOGICAL  SOCIETY. 


Pabt  YI.  Vol.   XIV.  Session  1876-7. 


At  the  Ordinary  Meeting  of  the  members,  held  at  the 
Rooms  of  the  Literary  and  Philosophical  Society,  George 
Street,  on  Tuesday,  28th  November,  1876. 

Professor  W.  Boyd  Dawkins,  M.A.,  F.R.S.,  President, 

in  the  Chair. 

The  List  of  Books  added  to  the  Library  since  last  meeting 
was  read ;  it  included,  among  others,  the  following  works : — 

Memoirs,  vol.  v.,  3rd  series ;  Proceedings,  vol.  xv. ;  and 
Catalogue  of  Books  in  the  Library  of  tho  Manchester 
Literary  and  Philosophical  Society ;  Reports  of  the  Leeds 
and  Leicester  Philosophical  Societies;  The  Geology  of  EDg- 
land  and  Wales,  by  H.  B.  Woodward ;  Field  Geology,  by 
W.  H.  Penning;  Coal,  Iron,  and  Oil,  by  Daddow  and 
Bannon. 

INAUGURAL   ADDRESS, 

ON  THE  WATER  SUPPLY  IN  THE  RED  ROCKS 
OF  LANCASHIRE  AND  CHESHIRE. 

By  Professor  W.  Boyd   Dawkins,  M.A.,  F.R.S.,  F.G.S. 

It  is  usually  considered  the  duty  of  a  President  to  begin 
the  Session  with  an  address,  which  should  either  relate  to 
some  special  branch  of  enquiry,  or  be  a  record  of  the 
progress  made  by  the  science,  which  engages  the  attention 
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of  the  Society,  during  the  past  year.  Of  these  two 
alternatives  I  have  chosen  the  former,  and  the  subject 
which,  with  considerable  diffidence,  I  venture  to  discuss, 
relates  to  the  important  and  difficult  question  of  water 
supply,  that  is  now  rapidly  becoming  in  this  country  one  of 
the  questions  of  the  day.  I  propose  to  bring  before  you  a 
few  geological  considerations  relating  to  the  Permian  and 
Triassic  Sandstones  of  this  district,  and  to  the  quantity  of 
water  which  they  may  be  reasonably  expected  to  yield, 

I. — ^TnE  Permian  and  Triassic  Sandstones 

SATURATED  WITH   "WaTER. 

The  experience  of  the  last  forty  years  in  well-sinking  in 
every  part  of  Great  Britain  where  the  Permian  and  Triassic 
Sandstones  occur,  proves  them  to  be  saturated  with  water, 
and  that  they  '^are  an  admirable  reservoir,  capable  of 
affording  an  almost  imlimited  supply  of  pure,  though  rather 
hard  water."  (Hull.  Triassic  and  Permian  Bocks  of  the 
Midland  Coimties,  c.  xii.)  In  support  of  this,  it  is  necessary 
merely  to  quote  the  fact  that,  in  18G3,  six  million  gallons 
per  day  were  obtained  from  these  rocks  in  Manchester  and 
Salford  (Hull),  a  quantity  that  has  since  been  largely 
increased  by  the  sinking  of  new  wells.  The  present  weekly 
yield  of  the  Triassic  Rocks  in  the  Liverpool  district  is 
estimated  by  Mr.  Boult*  at  128  million  gallons.  For 
evidence  on  this  point,  I  would  refer  to  the  Report  of  the 
Committee  of  the  British  Association  for  Investigating  the 
Underground  Waters  in  the  New  Red  Sandstone  and  Permian 
Formations,  1875,  and  to  the  Sixth  Report  of  the  Rivers 
Pollution  Commissioners,  t 


♦Journal,  Liverpool  Polytechnic  Soc.,  April  24,   1876,   p.  95.     For 
fiirther  evidenco,  see  tlie  valuable  tables  appended. 

t  See  also  Papers  by  Messrs.  Binnoy  and  Hull,  Manch.  Lit.  and  Phil.  Soc. 
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II. — The  Water  Level  in  the  Rocks. 

The  water  is  stored  up  in  these  rocks  according  to  their 
porosity,  and  in  such  quantity,  that  it  has  not  yet  been  found 
.  necessary  to  sink  wells  much  below  mean  tide  mark  in  the 
area  of  Lancashire  and  Cheshire ;  the  deepest  well  in  Mr. 
Boult's  tabk«  being  sunk  71  feet  below  the  ordnance 
datum  at  Messrs.  Macfie's  Sugar  Works,  in  Bachelor  Street, 
LiTerpool.  The  deepest  boring  is  that  of  the  Liyerpool 
Corporation  Works  at  Bootle,  or  584  feet  below  the  datum. 
The  normal  level  of  the  water  in  the  rocks  is  very  various, 
and  dependant  in  a  great  degree  on  the  surface  contours, 
that  of  the  Runcorn  Waterworks  being  the  highest,  or  250 
feet,  above  the  sea-level,  according  to  Mr.  Boult,  in  the 
district  under  consideration. 

III. — ^TJncertaix  Supply  in  Permians. 

The  amoimt  stored  up  in  these  rocks  will  obviously 
vary  as  their  thickness.  The  Permian  being  deposited  on 
an  eroded  surface  of  carboniferous  strata,  and  being  them- 
selves uplifted  and  worn  away  by  the  action  of  the  waves 
before  the  deposit  of  .the  Triassic  Rocks,  are  of  variable 
thickness.  In  this  neighbourhood,  the  lower  water-bearing 
sandstone,  250  feet  thick  at  CoUyhurst,  is  reduced  to  12  feet 
6  inches  at  the  Seedlcy  printworks,  in  the  small  space  of  two 
and-a-half  miles.  (Binney  and  Hull  Brit.  Assoc.  Report 
1875,  p.  121.)  Very  frequently  the  Permian  formation  has 
altogether  disappeared,  and  the  Triassic  rest  directly  on  the 
carboniferous  rocks.  It  is,  therefore,  to  be  looked  upon  as 
an  uncertain  source  of  water  supply  in  this  district. 

IV. — Supply  in  Triassic  Rocks. 

The  Triassic  water-bearing  rocks  (exclusive  of  the  imper- 
vious red  marls)  possess  a  gross  thickness  of  from  1,700  to 
1,900  feet,  as  may  be  seen  from  the  following  table  : — 
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A.  Cheshire.        B.  liyerpool  and 

Preston. 

Feet.  Feet. 

^  (Red  Marls 3000  ....        — 

lieuper.  ,  < 

(  Waterstones 450-550 400 

"  Upper  red  and  mottled 

Sandstone 500-600 600 

Bunter .  .  -j  Pebble  beds 350-403 800 

Lower  red  and  mottled 

Sandstone 400     100 

They  consist  of  sandstones  of  various  degrees  of  porosity, 
separated  from  each  other  by  thin  partings  of  impervious 
marl  or  clay,  which  divide  the  water  into  a  series  of  sheets 
parallel  to  the  dip  of  the  strata.  They  are  also  traversed  by 
faults  which  bring  the  various  water-bearing  strata  into 
continuity,  and  render  Professor  Hull's  view  very  probable 
that  "the  Bunter  sandstone,  in  its  three  divisions,  may  be 
regarded  in  respect  to  water  supply  as  a  nearly  homogeneous 
mass  equally  available  throughout." 

V. — Faults   not  Proved  to  bk   Watertight  Barriers. 

With  regard  to  the  faults  themselves  I  am  unable  to  meet 
with  any  evidence  that  they  are,  as  suggested  by  Mr. 
Stephenson,  filled  with  clay  so  as  to  form  watertight  compart- 
ments. But,  on  the  other  hand,  in  the  case  of  the  well  at 
Flaybrick  Hill,  near  Birkenhead,  and  in  that  at  Whiston, 
belonging  to  the  St.  Helens  Corporation,  the  amount  of 
water  obtained  by  penetrating  to  a  fault  was  largely 
increased.  Some  of  them  may  be  open  fissures  which  would 
act  as  natural  conduits  as  Professor  Hull  has  suggested  in 
explanation  of  the  largo  quantity  of  water  produced  by  the 
Green  Lane  Well  at  Liverpool ;  but  they  may  be  expected 
m.ore  generally  to  be  filled  with  the  results  of  the  friction  of 
one   side    against   the   other,    and    with    various   materials 

A.  Hull.      B.  Do  Rince,  Report  of  British  Association,  1875. 
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deposited  by  water  which  has  at  some  time  or  another  flowed 
through  them.  Accordiag  to  Professor  Hull,  they  offer 
favourable  sites  for  wells.  As  the  evidence  stands,  I  have 
no  proof  of  the  presence  of  any  fault  in  these  porous  water- 
bearing strata  which  is  puddled  and  watertight. 

VI. — No  Proof  tiiat  the  supply  grows  less  at 

GREAT   DEPTH. 

Nor  am  I  able  to  meet  with  satisfactory  proof  that  the 
amount  of  water  in  these  rocks  diminishes  with  the  depth. 
In  the  case  of  the  Green  Lane  Well  above  quoted,  which 
has  been  urged  in  support  of  this  conclusion,  the  lessened 
increase,  as  the  bore-hole  went  down,  may  reasonably  be 
accounted  for,  either,  by  the  bore-hole  passing  away  from  a 
water-bearing  fault  which  it  had  intersected  above,  or  by 
the  greater  compactness  of  the  lower  sandstones  traversed 
in  its  lower  course.  The  general  experience  of  well-sinking 
in  the  porous  sandstones  of  the  Trias,  not  merely  in  this 
neighbourhood  but  everywhere  else,  proves  that,  as  a  rule, 
the  deeper  the  sinking  the  greater  is  the  yield  of  water, 
and  may  fairly  be  taken  to  show  that  the  deepest  portions 
of  the  porous  rocks  are  also  water-bearing.  And  it  must 
be  remembered  that  if  they  are  rendered  more  compact  at 
great  depth  by  the  pressure  of  the  superincumbent  rocks, 
that  pressure  would  also  cause  the  water  to  traverse  them 
more  easily  than  it  would  do  at  the  surface.  On  this  point 
I  woidd  refer  to  the  experiments  of  Mr.  Isaac  Roberts, 
which  show  the  effect  of  pressure  in  accelerating  the  passage 
of  water  through  sandstone  rock.* 


*  He  found  that  tho  passage  of  water  per  hour  through  a  block  of 
fiandfitone  10|  inches  thick  was  : — 

Under  pressure  of  10  lbs.  to  square  inch    . .     . .       4-5  gallons. 
„  „         20  lbs.  „  ....       75      „ 

„  „         46  lbs.  „  ....     19-0      „ 

Liverpool  Geological  Society,  1868-69. 
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It  is  well  known  tliat  water  can  be  forced  through  the 
pores  of  steel  under  enormous  pressure.  Tho  reason  why 
there  are  no  deep  wells  in  these  rocks  in  Lancashire  and 
Cheshire,  is  simply  that  hitherto  an  ample  supply  has  been 
furnished  by  superficial  wells,  and  not  on  account  of  the 
failure  of  water  at  great  depths. 

The  evidence  seems  to  me  to  bo  conclusive  that  these 
rocks,  which  are  so  abundantly  charged  with  water  at  and 
near  tho  surface,  are  also  abundantly  charged  with  wat^r 
even  when  simk  to  a  depth  of  thousands  of  feet.  That 
porous  strata  do  contain  water  in  vast  volume  at  depths  of 
more  than  1000  feet,  is  shown  by  an  appeal  to  Artesian 
Wells  in  Franco,  and  to  the  Warren  Farm  Well,  near 
Brighton,  which  is  the  deepest  as  yet  dug  in  the  coimtry, 
or  1285  feet. 

VII. — Hydrographical  Relations  of  these  Rocks  in 

Lancashire  and  Cheshire. 

We  will  now  consider  the  range  of  these  rocks  in  the  area 
under  consideration.  A  glance  at  the  maps  of  the  Geological 
Survey  will  show  that  they  rest  in  a  great  hydrographic 
basin,  bounded  on  every  side,  except  the  sea,  by  the  older 
rocks.  Starting  from  Manchester  southwards,  past  Maccles- 
field, as  far  as  Shrewsbury,  tho  boundary  is  composed  of 
Permians  and  Carboniferous  and  the  antcclinal,  passing 
from  the  latter  place  to  Tunstall.  Thence  it  is  marked  by 
the  Coal-measures  and  Permions  of  Oswestry  and  Wrexham, 
and  the  estuary  of  the  Dee.  From  Manchester  it  runs  to 
the  west  as  far  as  Croxtcth  Park,  and  then  turns  sharp  to 
the  north,  being  composed  of  Coal-measures  nearly  up  to 
Preston,  and,  thence  to  Fleetwood,  being  formed  of 
lower  Carboniferous  Strata  and  Permians.  In  this  hydro- 
graphic  basin,  hollowed  in  the  Palooozoic  rocks,  are  three 
depressions — 1.  That  of  Fleetwood,   Southport,  and  Orms- 
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kirk,  in  wkick  tho  water  in  the  Triassic  Strata  can  gravitate 
seaward  with  the  greatest  freedom,  and  which  demand  no 
further  notice  in  this  place  ;  2.  That  which  has  for  its 
centre  Upton-in-Wirral ;  3.  That  which  is  marked  by  the 
Liassic  outlier  of  Ash  Magna  to  the  east  of  Whitchurch. 
The  water-bearing  strata  in  these  two  last  are  connected 
together  by  the  sweep  of  sandstone  between  Chester  and 
Huyton,  and  occupy  an  area  which  is  about  800  square 
miles,  as  measured  in  the  Geological  Survey  maps.  In  the 
greater  of  these  depressions,  which  occupy  the  plains  of 
Lancashire,  Cheshire,  and  Shropshire,  the  water-bearing 
Triassic  rocks  are  sunk  4200  feet  below  the  ordnance  datum 
near  Ightfield,  and  400  feet  near  Nantwich  ;  in  the  smaller, 
or  that  of  Wirral,  to  a  depth  of  2400  feet.  If  reference  be 
made  to  the  careful  sections  reduced  from  those  of  the 
Geological  Survey  and  prepared  by  the  Director- General  for 
the  Coal  Commission  (Sixth  Report,  Nos.  16,  19,  26),  it  will 
be  seen  that  these  two  depressions  form  part  of  a  great 
trough,  from  which  the  surplus  water  can  only  escape 
through  the  narrow  space  between  the  estuary  of  the  Dee 
and  Croxteth  Park,  shown  in  Section  26  of  the  report. 

VIII. — ^TiiE  Two  Depressions  connected. 

In  the  broad  anticlinal  by  which  they  are  separated,  the 
normal  water-level  varies  from  50  feet  at  Ince,  to  13  at  Hale, 
and  10  at  Garston  (Boult),  above  datum  ;  and  since  these 
wells  are  in  the  pebble  beds,  it  would  follow  that  the  barrier 
of  Carboniferous  Eocks  below  is  sunk  at  least  to  a  depth 
corresponding  with,  say,  one  half  of  the  total  thickness  of  the 
pebble  beds  plus  that  of  the  lower  sandstone,  or  to  about  600 
feet.  In  this,  then,  wc  have  ample  proof  that  the  depressions 
are  connected,  and  thatthereis  no  barrier  between  them  which 
would  prevent  the  circulation  of  water.  The  deeper  of 
them  may  be  viewed  as  a  vast  subterranean  reservoir,  the 
overflow    from    which    gravitates    seawards    through    the 
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shallower,  the  permanent  leTel  of  the  water  in  the  rocks 
forming,  on  the  whole,  an  inclined  plane,  rising  from  the 
sea  level  at  least  to  the  height  of  250  feet  aboye  it,  as 
proved  at  Runcorn  (Bonlt),  and  broken  by  the  rivers  and 
their  tributaries.  It  seems,  therefore,  obvious  that  in  this 
area  we  have  a  vast  supply  of  water  far  below  any  of  the 
wells  which  is  at  present  untouched,  and  which  is  kept  up  by 
the  rainfall,  and  percolation  from  rivers. 

IX. — ^ThK   AmOUXT    of   PERCt)LATI0N. 

The  enquiry  into  rainfall  and  evaporation  by  Messrs. 
Symonds,  Greaves,  and  Evans,  recently  published  in  the 
Proceedings  of  the  Institute  of  Civil  Engineers  (Yol.  45, 
Part  iii.,  1876,  p.  29),  gives  us  data  by  which  we  can 
calculate  the  amount  of  rain  taken  up  by  porous  strata. 
The  average  percolation  is  not  over-estimated  at  about  one- 
third  of  the  rainfall ;  but  in  the  case  of  ^and,  according  to 
Mr.  Greaves'  experiments,  it  amounts  to  no  less  than  83  per 
cent.  It  is  estimated  in  tins  district,  by  Professor  JIuU,  at 
one- third ;  but  occasionally,  according  to  him,  it  may  rise 
as  high  as  one-half,  or  even  two-thirds.  There  arc,  however, 
certain  facts  which  must  be  taken  into  account  in  anyralculation, 
and  which  may  disturb  the  accuracy  of  the  results.  On  the 
one  hand,  we  find  that  about  300  out  of  the  800  square 
miles  arc  covered  with  impervious  Keuper  Marls,  and 
the  outcrop  of  the  water-bearing  strata  is  frequently 
marked  by  boidder  clay.  On  the  other  hand  the  outcrop  is 
frequently  covered  by  the  loose  sand  and  shingle  of  the 
drift,  which  take  up  more  than  one-third  of  rainfall.  It 
must  also  be  remembered  that  the  water  thrown  off  from  the 
Keuper  Marls  has  to  pass  over  the  porous  Triassic  sandstones, 
and  that  the  whole  of  the  water  from  the  sheds  of  the  Dee 
and  Mersey  has  to  run  the  same  chance  of  being  in  part 
absorbed  in  its  passage.     That  this  chance  is  by  no  means 
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smaUy  is  proved  by  tlie  vast  quantities  of  water  lost  by  tbe 
tributaries  of  the  Thames  in  their  passage  over  permeable 
strata.  (Evidence  of  Mr.  John  Bravender ;  Sixth  Report  of 
Rivers  Pollution  Commission,  p.  298.)  The  deep  wells  of 
Manchester  and  Salford  are  believe:!  by  Mr.  Hull  to  be 
replenished  by  the  waters  of  the  Irwell,  Irk,  and  Medlock, 
which  are  filtered  by  the  process.*  Taking  all  these  parts 
into  consideration,  it  seems  to  me  that  one-third  of  the 
average  rainfall  over  the  whole  area  of  800  square  miles  is 
a  minimum  estimate  of  the  amoimt  of  percolation  which 
would  take  place  were  the  rocks  not  saturated.  This  would 
result,  if  the  rainfall  be  taken  at  30  inches,  in  a  quantity 
of  no  less  than  114,688  millions  of  gallons  which  may  be 
drawn  upon  annually,  irrespective  of  the  amoimt  stored  up. 
In  the  presence  of  these  figures  there  is  little  fear  of  the 
exhaustion  of  the  water  in  these  rocks,  at  all  events  for  some 
time  to  come.  At  present  they  are  saturated,  and  the  sur- 
plus water  which  they  cannot  take  up  flows  over  the  surface. 
If  large  quantities  of  water  were  abstracted  from  them,  the 
vacuum  would  rapidly  be  filled  up  by  increased  percolation. 

X. — Quality  of  Water. 
The  water  in  the  Red  Sandstone  is,  as  a  rule,  good  though 
hard.  (Binney.)  At  Ordsal,  however,  at  a  depth  of  460 
feet  in  the  Lower  Bunter  it  was  so  salt  that  the  boring  had 
to  be  given  up.  It  was  also  found  to  be  salt  at  a  depth  of 
670  feet  at  Dallam  Forge,  Warrington  (Boult),  probably  in 
the  "  Pebble  beds,"  and  it  is  highly  charged  with  gypsum  at 
Appleton,  in  Cheshire. 

XI. — ^Advantages  of  a  Deep  Well  with  a  Diaphragm. 
The  mode  of  getting  at  this  store  of   water  which  recom- 
mends itself  to  me,  is  to  sink  a  deep  shaft  or  boring  below  the 

•  The  experiments  of  of  Dr.  Angus  Smith  (see  Brit.  Assoc.  Reports,  1848), 
prove  what  an  admirable  filter  these  sandstone  rocks  are. 
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ordnance  datum  line  some  800  or  1000  feet,  8o  as  to  tap 
the  yarious  strata  whicli  are,  as  a  rule,  not  very  mucli  out  of 
the  horizontal,  to  shut  o£E  all  communication  in  the  shaft  or 
boring  between  the  superficial  water  and  that  in  the  lower 
part,  and  to  supply  the  pumps  from  the  bottom  water.  In 
this  way  sewage-contamination  would  be  rendered  impossible, 
and  a  far  larger  area  would  be  laid  under  contribution  for  the 
immediate  supply  of  the  yoccum  at  the  bottom  then  would 
be  contributed  to  the  restoration  of  the  surface  water  under 
the  ordinary  system  of  pumping.  If,  indeed,  the  diaphragm 
happened  to  be  at  the  point  where  a  layer  of  impervious 
marl  was  traversed  in  the  well,  it  might  be  possible  to 
obtain  large  quantities  of  water  from  the  lower  rocks  without 
seriously  affecting  the  surface  levels  inmiediately  above.  In 
any  case,  the  pressure  of  the  water  at  great  depths  would  be 
an  enormous  advantage,  since  it  would  cause  the  vacuum 
produced  by  the  deep  pumps  to  be  filled  up  more  quickly  than 
at  levels  near  the  surface. 

The  important  question  as  to  the  area  of  rock  contributing 
its  water  to  a  well  of  a  given  depth  seems  to  me  to  be  asked 
in  vain  in  the  present  state  of  our  ignorance.  It  may,  how- 
ever, bo  observed  that  in  Liverpool  the  stoppage  of  the 
Dudlow  Lane  pumps  raises  the  level  of  the  water  at  Oakfield 
Quarry,  2  J  miles  away,  although  they  merely  dip  into  the 
surface  of  the  subterranean  roservoir. 

Water  in  a  depression  filled  with  sandstone  may  be 
expected  to  behave  as  water  in  a  lake  in  which  a  vacuum  in 
any  part  is  filled  up  at  the  expense  of  the  general  level. 
The  rapidity,  however,  with  which  this  will  be  brought 
about  will  be  retarded  by  the  friction  of  the  particles  of 
water  in  traversing  the  rock,  which  will  vary  according  to 
its  porosity.  In  deep  wells  the  enormous  pressure  of  the 
water  at  the  bottom  causes  the  vacuum  to  be  filled  up  with 
great  swiftness. 
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XIT. — Conclusion. 

The  general  conclusion  which  I  venture  to  draw  for 
myself,  at  least  from  the  above  considerations  are ;  1st,  That 
in  the  Triassic  area  of  Lancashire  and  Cheshire  there  is  a 
vast  subterranean  lake  fed  by  subaerial  water;  2ndly, 
That  the  most  advantageous  mode  of  getting  at  it  is  by 
sinking  deep  wells  ;  and  lastly,  That  the  vacuum  caused  by 
pumping  at  great  depths  in  the  manner  suggested  would  be 
more  rapidly  supplied  by  percolation  from  the  surface  of 
rain  and  river  water,  than  near  the  surface.  The  subject  is 
of  equal  interest  to  the  geologist  and  engineer,  and  one  of 
very  great  importance  to  the  public.  I  have  only  to  regret 
the  very  imperfect  manner  in  which  I  am  able  to  lay  it 
before  the  Society. 

A  vote  of  thanks  to  the  President  was  unanimously 
carried. 


Professor  Boyd  Dawktns,  in  acknowledging  the  vote  of 
thanks,  said :  I  should  like  to  say  that  this  question  of  the 
water  supply  is  a  question  of  very  great  interest  and 
importance,  and  it  is  one  on  which  no  two  persons  can  be 
expected  to  have  precisely  the  same  ideas.  I  think  it  would 
be  a  great  benefit,  if  at  any  future  meeting  of  the  Society 
we  could  get  the  advantage  of  any  gentleman's  views — 
on  any  of  the  points  which  have  been  discussed.  The 
question  is  one  of  especial  interest  in  this  part  of  the 
country,  and  I  am  sure  we  shall  be  very  glad,  as  a  Society, 
to  get  information  from  any  quarter  from  which  it  is 
obtainable. 


THE  SOUTH-LANCASHIRE  AND  BURNLEY 

COAL  FIELDS. 

Mr.  C.  E.  DE  Range,  F.G.S.,  of  the  Geological  Survey, 
exhibited  and  described  a  new  vertical  section  of  the  South 
Lancashire  and  Burnley  Coal  Fields. 
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A  NEW  DESCRIPTION  OF  BRATTICE  CLOTH. 

Mr.  W.  H.  Johnson  exhibited  some  samples  of  a  new 
description  of  brattice  cloth,  which,  instead  of  being  com- 
posed of  the  ordinary  material,  has  wire  for  the  basis.  The 
wire  cloth  is  woven  with  some  36  holes  to  the  inch,  the  wire 
being  extremely  fine — ^in  fact,  almost  as  fine  as  iron  wire 
can  practically  be  drawn — and  it  was  claimed  for  the 
manufactured  article  that,  if  used  upon  any  larger  scale  in 
mines,  it  would  possess  the  following  advantages : — ^It 
would  be  found  much  more  durable  than  the  ordinary 
bratticing,  and  at  the  same  time  possess  greater  strength. 
Its  greatest  recommendation  lies  in  its  power  to  resist  heat. 
A  piece  of  the  new  cloth  was  exposed  to  the  flame  of  a 
Bunsen  burner,  with  the  following  results : — ^The  under 
surface  was  at  first  only  charred,  and  it  took  some  little 
time  before  the  charred  matter  was  burnt  away  so  as 
to  allow  the  flame  to  go  through.  When  exposed  to  a 
flame  of  somewhat  less  strength,  the  under  surface  was 
merely  charred,  and  the  fabric  was  not  penetrated  by  the 
flame.  (Samples  exposed  to  heat  of  varying  intensity  were 
exhibited.)  The  fabric,  moreover,  was  practically  water- 
proof.— A  vote  of  thanks  to  Messrs.  De  Ranee  and  Johnson 
was  unanimously  passed,  and  the  meeting  terminated. 


TRANSACTIONS 


Five  sections  to  illustrate 
Mr.  Grimshaw's  paper  will  be 
issued  with  Part  viii. 


Joseph  Dickinson,  F.G.S.,  Vice-President, 

in  the  Chair. 

Mr.  R.  J.  Barnes,  Chowbent;  Mr.  TV.  H.  Chadwick, 
Little  Hulton  ;  Mr.  Alfred  Moore,  C.E.,  5,  Clarence  Street, 
Manchester ;  Mr.  J.  H.  Penman,  Booth  Street,  Manchester ; 
Mr.  R.  Winstanley,  Lancaster  Avenue,  Manchester ;  Mr.  "W. 
Topping,  Ashton,  near  Wigan;  and  Mr.  J.  Unsworth, 
Wigan,  were  elected  members  of  the  Society. 


ON  THE  ROCKS  OF  THE  BALLYMONEY  SERIES, 

Co.  WEXFORD. 
By  G.  H.  Kinahan,  M.R.I.A.,  &c. 


The  rocks,  to  which  it  is  intended  to  draw  attention, 
belong  to  the  Cambro-Silurian  formation.  They  may 
be  interesting  to  the  members  of  a  commercial  city  like 
Manchester,  as  it  is  possible,  if  not  probable,  that  at  some 
time  or  another  they  will  be  turned  to  profitable  account 
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in  respect  to  the  iron  ores  they  contain.  Although  they 
seem  to  extend  across  the  County  "Wexford  they  are 
best  seen  on  the  coast  section,  between  Courtown  and  Ark- 
low,  in  the  neighbourhood  of  the  Ballymoney  fishery,  after 
which  place  it  is  proposed  to  call  them.  Prerious  to  giving 
a  special  description  of  the  rocks,  the  subject  of  this  oom- 
munication,.it  may  be  interesting  to  give  an  epitome  of  the 
geology  of  the  County  Wexford. 

The  geology  of  the  County  Wexford  is  very  obaoore 
for  various  reasons — Firsts  the  the  coxmtry  is  obscured 
with  drift  and  other  more  recent  accumulations,  which 
prevent  the  ancient  formations  from  being  seen,  except 
in  small  detached  exposures.  Secof^dly,  the  ancient  and 
recent  rocks  have  been  severely  broken  up  and  displaced 
by  faults  or  dislocations  of  different  ages,  ranging  from  the 
remotest  period  of  which  we  have  record  to  very  recent 
times — and.  Thirdly,  all  the  rocks  are  generally  more  or  less 
metamorphosed.  Sometimes  this  action  extending  over  large 
tracts,  which  may  be  called  metapepsis  (regional  meta- 
morphism)  while  in  other  places  it  is  local  or  Faroptesis 
(local  metamorphism).  The  subject  of  metamorphism,  how- 
ever, is  foreign  to  the  present  paper,  it  is,  therefore,  sufficient 
to  draw  attention  to  the  different  kinds.* 

The  oldest  rocks  in  the  Coxmty  Wexford  are  of  Cambrian 
age.  These  have  been  worked  by  Griffith,  De  la  Beche, 
Warrington  Smyth,  Jukes,  Wyley,  Du  Noyer,  and  others, 
who  have  found  their  relations  to  the  overlying  Cambro- 
Silurian  rocks  to  be  verj'  irregular  and  obscure,  as  in  three 
or  four  places  only  are  junctions  exposed.  In  one  of  these, 
a  massive  "slate  conglomerate,"  lies  on  "Submetamorphic" 
Cambrian  rocks,  while  in  the  rest  there  are  more  or  less 
complicated  fault  boundaries. 

*  The  different  kinds  of  metamorphism  and  their  causes  were  treated  of  hy 
the  writer  in  a  paper  read  before  the  Edinburgh  G^logical  Society  daring 
Rst  Session — 1875-6— to  which  those  interested  in  the  subject  are  referred« 
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It  has  also  been  found  very  difficult  to  separate  the 
Cambrian  from  the  Cambro-Silurian,  because  in  places  the 
rocks  are  nearly  identical^  the  most  marked  distinction  in  this 
area,  lithologically,  being  that  black  carbonaceous  rocks  are 
more  or  less  characteristic  of  the  latter  while  they  rarely,  if 
ever,  occur  in  the  former.  Within  the  last  year,  Mr.  E. 
Leeson,  Fossil  Collector  of  the  Government  Survey,  has 
discovered  fossil  evidence  in  various  places  in  this  county 
whereby  the  area  of  the  Cambrian  rocks  can  be  more 
definitely  fixed. 

The  Cambrian  rocks  were  dislocated,  broken  up,  and  more 
or  less  metamorphosed,  prior  to  the  dawn  of  the  Cambro- 
Silurian  period,  the  latter  having  been  deposited  on  them 
unconformably,  but,  as  these  will  be  mentioned  hereafter,  it 
is  at  present  only  necessary  to  remark,  that  they  also  subse- 
quently were  extensively  disturbed  by  faults,  and  tracts  of 
ihem  affected  by  metamorphism  both  metapepsis  and 
paroptesis. 

Of  the  Silurians  proper  (or  Upper  Silurian  rocks)  there 
has  been  no  trace  discovered  in  this  county,  but  on  the  older 
rocks,  in  a  few  places,  there  are  greater  or  less  tracts  of 
Carboniferous  rocks.  These  are  also  much  displaced  by 
faults,  while  over  all,  are  deep  drifts  of  various  ages  and  more 
recent  accumulations.  All  these  latter  groups,  from  the 
Carboniferous  upward,  are  extremely  interesting,  but  further 
notice  of  them  would  be  out  of  place  here. 

Cambro-Silurian  Kocks. 
These  rocks,  as  previously  pointed  out,  are  in  general 
more  or  less  metamorphosed,  but  in  places  we  can  learn 
their  general  characters.  Below,  from  the  fossils,  they  are 
evidently  of  Caradoc  and  Llandeilo  ages,  while  above  are  the 
rocks  of  the  Ballymoney  series.  The  lower  divisions  in 
general  consist  of — 
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3.  Green  and  greyish  grits,  shales,  and  slabs. 
2.  Flaggy  grey  and  green  grits,  and  shales. 

^    (  Black,  blackish,  and  grey  grits,  shales,  and  slates ; 
(     the  black  beds  predominating. 

In  one  place  in  the  county  a  "slate  conglomerate"  occurs 
at  the  base  of  No.  1.  But  the  section  usually  is  somewhat 
similar  to  the  above;  still,  it  is  quite  evident  that  the 
position  of  the  rocks  is  solely  due  to  local  circumstances ;  as 
in  some  places  the  arenous  beds  are  below  the  argillous,  and 
in  other  places  they  are  reversed ;  showing  that  the  arenous 
(in  which  Caradoc  fossils  occur)  are  shore  beds ;  while  the 
others  were  deposited  in  still,  deep  water.  The  flow  tide 
currents  of  the  Cambro-Silurian  sea  would  seem  to  have  come 
from  the  southward,  as  on  the  south  shores  of  the  Cambrian 
islands  and  land,  sand  and  coarse  materials  were  deposited ; 
while  to  the  north  of  the  islands,  or  in  shelter  of  the  land,  the 
accimiulations  were  more  or  less  fine  and  argillous.  Slight 
changes  in  the  direction  of  the  currents  changed  the  nature 
of  the  sea,  and  consequently  the  conditions  of  life,  so  that 
the  fossils  of  Caradoc  and  Llandeilo  ages  are  found  in  places 
in  alternating  beds. 

The  upper  group  of  the  Cambro-Silurian  rock,  or  the 
Rocks  of  the  Ballymoney  Series,  are  most  interesting  and 
peculiar.  Evidently  they  are  above  those  just  described, 
but  in  no  place  has  a  section  yet  been  seen  that  satisfactorily 
shows  the  relations  between  the  two  groups,  on  account  of 
the  numerous  faults  and  of  the  envelope  of  drift,  or  other 
superficial  accumulations.  From  what  has  been  stated,  it  is 
evident  that  during  the  early  portion  of  the  Cambro-Silurian 
period  in  this  area,  there  was  a  more  or  less  tranquil  sea, 
but  it  seems  to  have  been  getting  shallow  by  degrees ;  after 
this,  however,  there  seems  to  have  been  a  complete  change, 
as  the  area  was  affected  by  vulcanicity,  in  different  phases. 
One, — out  of  fissures,  masses  of  molten  matter  was  poured, 
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that  might,  or  might  not,  be  osdociated  with  irioiptions  of 
tuflF  and  such  like  mechanical  accompaniment ;  a  second, — 
in  places  there  were  springs  ejecting  solutions  of  lime, 
silica,*  iron,  and  such  like. 

A  general  selection  of  the  Cambro-Silurian  rocks,  as  seen 
on  the  Ballymoney  and  Courtown  coast  is  as  follows : — 

1.  Outlyer  of  Cambrian  rocks  a  little  south 
of  Pollshone  harbour. 

2.  Fault. 

3.  Blackish  and  greyish  talcose  argillytes 
much  shifted  and  disturbed  by  small  faults, 
these  rocks  all  dip  southward  towards  the 
Cambrian  rocks  at  high  angles  (65  to  80) ;  they 
occur  along  the  coast  for  more  than  half  a 
mile,  to  Glenbeg  Head. 

4.  Over  a  mile  of  -ZEolian  drift  (blown  sand) 
that  obliterates  the  section. 

5.  For  half  a  mile  south  of  Courtown  har- 
bour there  are  greenish,  greyish,  and  bluish 
thin  grits,  shales,  and  slates  much  broken  up 
and  twisted  by  faults ;  some  of  the  shales  are 
impregnated  in  numerous  cracks  and  along  the 
bedding  lines  by  thin  films  of  limonite.  The 
general  dip  of  these  rocks  is  southward,  but 

t  they  are  nearly  perpendicidar. 

6.  For  half  a  mile  north  of  Courtown  har- 
bour, in  the  cutting  for  the  canal,  the  rocks  in 
general  are  greenish  shales  and  slates.  Some 
beds,  however,  are  purple.  These  dip  both 
north  and  south,  at  high  angles  (65  to  85). 


CaBADOC  AlTD 

Llandeilo  « 
Rocxs. 


Bellamoney 
Series. 


•  The  silicioas  springs  probably  marked  the  dawn  of  the  valcanicity,  as 
the  Quartz-rocks  found  in  the  lower  group  of  the  Cambro-Silorian  rocks  are 
eTidently  due  to  some  such  cause. 
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DRIFT,   PEAT,  i&c.,  OF   HEYSMAN, 
MORECAMBE  BAY. 

By  Bev.  Addison  Crofton,  M.A. 


The  coast  of  Morecambe  Bay  from  Hest  Bank  to  Heysham 
has  been  visited  and  examined  by  me  every  summer  for  the 
last  ten  years,  and,  though  possibly  many  of  the  facts  I 
have  noticed  are  mentioned  in  former  papers  of  this  or 
kindred  societies,  yet  I  venture  to  lay  before  the  meeting 
the  results  of  my  investigation. 

Proceeding  along  the  coast  from  the  Railway  Station  at 
Hest  Bank,  we  find  only  low-lying  drift  deposits  of  no 
special  interest  until  we  reach  the  promontory  of  tiie  village 
of  Bare,  here  the  shore  begins  to  be  more  interesting ;  and, 
in  addition  to  the  fine  specimens  of  mya  arenaria  and 
truncata  which  may  here  be  found,  we  come  across  a  w^- 
exposed  deposit  of  peat,  resting  on  a  blue  stiff  marl,  between 
high  and  low  water  mark,  and  close  to  the  former.  At  this 
point  the  shingle  has  been  shifted  so  as  to  expose  the 
peat,  but,  in  all  probability,  the  deix)sit  lies  under  the  pebbly 
shore  for  some  distance  on  either  side,  and  the  blue  clay, 
emitting  a  rank  and  noisome  smell,  may  be  seen  a  few  score 
of  yards  further  on,  just  where  the  great  bank  of  shingle 
nms  out  from  the  shore  and  forms  the  natural  breakwater, 
behind  which  are  sheltered  the  worn-out  or  disabled  boats 
of  the  Poulton  Ring  fishermen. 

In  Morecambe,  which  we  next  reach,  the  drift  deposits 
show  many  large  and  interesting  boulders,  many  of  which, 
of  great  size,  have  been  dug  up  in  making  roads  or^aying 
foundations  in  the  new  part  of  the  village. 

Passing  through  Morecambe,  and  taking  to  the  shore 
again  below  the  North- AVestem  Hotel,  we  find,  near  low 
water-mark,  about  midway  between  the  stone  pier  and  the 
fishing  baulks,  another  deposit  of  marl  and  peat  which  has 
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been  covered  by  the  sand,  and  again  exposed  by  an  alteration 
in  the  cbannel  and  the  direction  of  currents. 

On  this  lies,  in  many  places,  a  considerable  layer  of  small 
shingle  covered  with  thousands  of  oyster  shells,  mixed  with 
many  shells  of  pecten  opercularis,  all  empty,  old  and  stained 
black,  and  held  together  by  colonies  of  living  mussels.  This 
has  evidently  been  an  oyster  groimd  at  some  distant  date 
when  ostrea  edulis  was  not  the  rarity  that  it  now  is.  Beyond 
this  are  the  vast  beds  of  shingle  and  boulders  occupied  by 
the  baxdks  of  the  fishermen. 

Opposite  these  baulks,  and  above  the  high- tide  mark,  rises 
the  drift  mound  locally  known  as  the  Gross  Stones,  the 
greater  part  of  which  has  been  washed  away  l)y  the  sea,  and 
on  which  small  encroachments  are  made  every  winter.  The 
deposits  here  are  chiefly  sandy  or  gravelly  clays  interspersed 
with  boulders  of  various  sizes. 

These  boulders  are  continually  being  dislodged  from  the 
cliff,  and  many  hundreds  of  all  sizes  lie  along  the  shore  and 
extend  outwards  to  the  fishing  baulks,  marking  with  some 
degree  of  accuracy  the  position  and  extent  of  the  original 
mound.  The  reefs  on  which  the  baulks  stand  are,  probably, 
themselves  a  remnant  of  the  same  deposit. 

The  Cross  Stones  drifts  contain  a  few  species  of  shells 
which  are  found  in  some  abundance  near  the  top  of  the  cliff, 
lying  about  two  feet  deep,  on  an  average,  below  the  surface, 
and  in  a  bed  of  six  inches  to  a  foot  thick.  I  have 
found  there — 

1.  Mytilus  edulis,  abundant  but  imperfect  and  much 
decomposed. 

2.  Cardium  edule,  common,  but  less  so  than  the  pre- 
ceding species  and  less  injured. 

3.  Ostrea  edulis,  a  few  specimens. 

4.  Littorina   Httoralis,   very   little   worn   or   altered, 

except  in  colour. 

5.  Bucciuum  undatum,  broken. 
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6.  Purpura  lapillus,  perfect. 

Several  of  the  boulders  have  well-defined  ice-markB 
parallel  to  their  greater  axis.  I  have  one,  about  a  pound  in 
weight,  consisting  of  encrinital  black  limestone,  which  is 
deeply  furrowed  in  parallel  and  clearly-cut  grooves.  The 
boulders  have  been  brought  apparently  from  the  opposite 
shore  of  the  bay,  the  slates  and  Hmestones  being  identical 
with  those  of  the  Lake  district,  and  the  granites  resembling 
those  of  Eskdale  and  the  neighbourhood. 

Beyond  the  Cross  Stones  Hill  the  cliffs  gradually  become 
lower,  until,  on  reaching  the  old  lime-kiln,  we  find  the  path 
close  to  the  high- water  mark.  Here  stands  a  solitary  house, 
built  just  where  a  peat  deposit  comes  out  on  the  shore  with 
a  few  trunks  of  birch-trees  here  and  there,  exposed  by  the 
action  of  the  sea. 

Past  this  rises  another  hill  of  red-drift,  like  the  Gross 
Stones,  and  containing  the  same  shells  under  similar  circum- 
stances, and  on  the  further  side  of  this  hill  begins  the  quaint 
little  village  of  Heyeham  on  the  new  red  sandstone. 

The  peat  moss,  noticed  above,  formerly  extended  much 
further  out  to  sea,  and  has  been  gradually  worn  away  by 
successive  encroachments  of  the  sea;  the  contents  of  this 
moss  have  either  been  swept  by  the  tide  out  into  the  Irish 
sea,  or  have  been  arrested  by  the  fishing-baulks  of  Heysham. 
Along  the  shore  may  often  be  noticed  water-worn  pieces  of 
bog- wood  and  rounded  lumps  of  hard  peat,  and  in  the  baulks, 
doA^Ti  by  low-water  mark,  the  horns  of  the  red  deer  are 
met  with  not  unfrequently. 

In  the  Museum  at  Morecambe  are  two  specimens  from 
this  locality  ;  the  postman  in  the  same  village  has  another, 
a  fine  left  antler ;  and  I  have  in  rav  own  collection  a  left 
horn  with  portions  of  the  frontal  bone  attached,  which  was 
found  there  in  1872.  My  specimen  has  eight  points,  and  is 
3ft.  7^in.  from  base  to  tip. 
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ON  THE  METHOD  OF  WORKING  "REARING'' 
MINES  AT  LEYCETT,  STAFFORDSHIRE. 

By  Mr,  W.  J.  Grimshaw. 


The  writer  has  thought  that  some  sketches  of  contorted 
strata  at  Leycett,  in  North  Staffordshire,  and  some  notes  on 
the  method  adopted  in  working  the  steep  mines  there  found 
would  not  be  without  interest  to  the  members  of  this 
society. 

Every  mining  district  has  its  customs ;  customs  bom  of 
experience,  which  will,  in  the  main,  be  foimd  suited  to  the 
reqiiirements  of  the  case.  Custonte  may  be  modified  with 
advantage  betimes,  but  there  will  generally  be  found  some 
ruling  principle  which  influences  in  great  measure  the 
amount  of  change  which  may  be  safely  made,  and  the  mode 
in  which  it  may  be  effected. 

Any  mine  which  dips  at  an  angle  of  between  30  and  90 
degrees  is  termed  a  "rearing"  mine.  'It  does  not  often 
happen  that  the  "rearers"  exclusively  continue  for  any 
great  distance ;  the  alternations  of  dip  producing  tracts  of 
mine  which  are  locally  termed  "  flats,"  and  in  which  the  dip 
is  much  more  moderate. 

The  Leycett  Collieries  are  situate  about  four  miles  to  the 
west  of  Newcastle-under-Lyme,  and  about  two  miles  to  the 
south  of  Audley.  They  are  on  the  west  side  of  the  great 
North  Staffordshire  Fault,  which  runs  through  Talk-o'th'- 
I[iU,  Bignall  Hill,  Apedale,  and  White  Bam. 

Somewhat  to  the  north  of  Bignall  Hill  a  "  saddle "  com- 
mences which  nms  by  Apedale  Hall,  Alsager's  Bank,  and 
Scot  Hey,  from  thence  inclining  in  a  south-westerly  direction 
towards  Leycett.  On  the  east  side  of  this  "saddle"  the  dip 
is  generally  comparatively  sh'ght,  but  on  the  west  it  is  verj' 
variable,  and  in  some  places  extremely  steep. 
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The  workings  of  the  Leycett  Collieries  are  exclusively  on 
the  western  side  of  this  "saddle,"  the  general  dip  being 
towards  the  west,  or  what  is  known  as  the  "Cheshire  dip." 

The  mines  worked  at  Leycett  have  in  nearly  all  instances 
very  friable  roofs,  consisting  of  alternations  of  met^l  and 
bass.  The  metal  is  mostly  of  a  "  shelly "  nature.  The 
highest  mine  at  present  in  working  is  the  Single  Four 
Feet.  This  mine  is  5ft.  Gin.  thick,  the  roof  is  tender 
bass,  aliout  3|ft.  thick,  and  the  floor  is  hard  warrant.  The 
Single  Five  Feet  Mine  lies  about  20  yards  below  the  Four 
Feet ;  the  thickness  is  4ft.  6in.,  the  roof  is  extremely 
tender,  and  falls  for  a  great  height.  The  floor  consists 
of  4in.  warrant,  lying  on  13  yds.  of  rock,  and  heaves  very 
much. '  The  quality  of  the  coal  is  best  house-fire.  At  a 
depth  of  about  40  yards  below  the  Five  Feet  we  come  to  the 
Ragman,  Seven  Feet,  and  Hams  Mines,  the  section  of  which 
is  as  follows : — 

Roof — Smooth  Bms, 

Ft.  in.  Ptin. 

Ragman  Coal   4*0 

Strong  Bass 6*0 

Seven  Feet  Coal T'O 

Yardlcy  Inferior  Coal  with  pyrites O'lO 

Holing  Dirt 1*3 

Hams  or  Rough  Five  Feet  Coal.  ...  5*6     .  . 

Total  Coal    .  .   16-6  Dirt  8-1 


The  floor  is  fireclay,  4in.  to  Gin.  thick,  resting  on  strata  of  a 
rocky  nature.  In  working  these  mines  simultaneously  the 
levels  are  driven  in  the  Hams  or  Rough  Five  Feet  Goal, 
the  holing  dirt  and  Yurdley  being  taken  down,  thus  leaving 
the  bottom  of  the  Seven  Feet  Coal  for  a  roof.  In  "  drifting- 
back  "  the  Seven  Feet  is  easily  gotten,  but  a  considerable 
quantity  of  the  Ragman  C-oal  is  lost  by  being  buried  in  the 
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"gob."     In  this  working,  gob  fires  are  of  frequent  occur- 
rence. 

Some  distance  below  the  Hams  coal  the  Ten  Feet  Mine  is 
found  7ft.  6in.  thick ;  the  roof  is  bind,  and  the  floor  fire- 
clay, between  8ft.  and  9ft.  thick.  The  Two  Row  Coals,  lying 
below  the  Ten  Feet  Mine,  are  not  worked  at  present,  and 
the  Seven  Feet  Banbury  coal,  5ft.  Gin.  thick,  is  in  course 
of  opening  out.  The  distances  between  the  mines  are  some- 
what variable. 

Where  the  dip  of  the  mines  is  very  steep,  the  area  of  coal 
which  can  be  opened  out  at  one  operation  is  much  curtailed 
in  comparison  with  that  which  may  be  opened  out  in  a  seam 
of  ordinary  inclination.  It  is  practically  impossible  to  open 
out  any  dip  workings,  on  account  of  the  difficulty  and 
expense  of  haulage  and  pumping  operations.  In  the  case  of 
"  rearing  "  mines  it  is  better  to  confine  operations  to  the 
works  which  may  be  opened  out  of  the  "  shaft "  or  "  shaft- 
tunnel  "  levels,  and  to  open  out  new  ranks  by  sinking  the 
shafts  deeper  and  tunnelling  out  afresh,  as  may  be  deemed 
advisable.  The  first  operation  in  opening  out  a  rank  of  coal 
in  a  "  rearing  "  mine  is  to  drive  out  a  pair  of  levels  from  6 
to  7ft.  wide,  about  12  yards  apart,  with  small  **cut- 
throughs"  or  "jack  holes"  every  18  or  20  yards.  These 
levels  are  continued  till  they  reach  within  100  yards  of  a 
boundary,  fault,  or  other  line  from  which  "  drifting  "  or 
"  getting  back"  may  be  safely  started.  Such  a  point  having 
been  reached  [^See  Sketch  1.],  a  brow  of  about  3  yards  in 
width  is  driven  directly  to  the  rise  of  the  mine,  levels  being 
started  out  of  it  every  10  or  12  yards,  measured  in  the  line 
of  dip.  Each  of  these  levels  eventually  becomes  a  drawing 
road  to  [^Sketch  2.]  the  brow,  which  is  fitted  up  as  a  balance- 
brow,  with  a  carriage  into  which  the  tubs  are  nm  and  let 
down  to  the  main  level.  The  empty  tubs  are  returned  on 
the  carriage,  and  a  simple  armngement  allows  the  full  tubs 
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to  push  the  empties  off  the  carriage,  as  is  now  genierallj 
done  in  **  caging"  at  the  shaft.  A  balance-brow  of  100  yaids 
in  lengthy  and  dipping  from  30  to  60  degrees,  will,  if  in  good 
working  order,  land  300  tubs  per  working  day  of  10  hours. 
In  some  cases  slant-brows  are  driven,  the  course  often  being 
at  an  angle  of  20  to  25  degrees  from  the  level  course. 
These  slants  are  more  difficult  to  keep  in  order  than  brows 
driven  on  the  direct  rise  and  dip  course.  They  are,  however, 
almost  indispensable  when  the  coal  from  various  districts 
requires  conveying  to  the  shaft  level,  as  several  balance- 
brows  would  in  many  cases  be  required  in  place  of  one 
jig-brow. 

In  some  cases  the  coal  gotten  in  the  several  levels  or 
drifts  is  tipped  into  the  "  cut-throughs"  or  brows,  spouts  or 
screens  being  fixed  at  the  bottom,  from  which  the  coal  is 
emptied  into  pit  tubs  standing  in  the  drawing  road.  These 
"  cut-throughs  "  require  keeping  full,  or  else  the  coal  is  very 
much  broken.  The  last-mentioned  means  of  conveyance  is 
the  only  reasonably  practicable  method  of  dealing  with  the 
matter  in  cases  where  the  dip  of  the  mine  exceeds  60 
degrees. 

In  driving  **  strait- work"  in  these  "  rearing  "  mines,  falls 
of  roof  need  to  be  guarded  against  as  carefully  as  may  be, 
for  if  the  roof  begins  to  slip  off  the  top  of  the  coal  on  the 
high  side  pillar,  it  is  almost  impossible  to  stop  it.  In  addition 
to  this,  there  is  practically  no  stowage  room  in  the  pit,  and 
all  falls  would  require  to  be  sent  to  bank.  It  is  foimd  best 
to  leave  at  least  one  foot  of  coal  on  the  roof  of  every  level, 
and  where  possible,  a  still  greater  thickness.  The  writer 
has  seen  instances  where  the  "  guttering  "  of  the  roof  has 
extended  from  the  level  to  the  air  end,  12  yards  above. 

Where  the  floor  is  exposed,  as  in  sketch  2,  the  coal  often 
requires  to  be  carefully  spragged  at  the  foot  on  the  high 
side.     In  case  the  mines  are  thin,  it  is  no  doubt  impossible  to 
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make  roads  without  laying  bare  the  roof^  and  possibly  taking 
a  portion  of  it  doiii-n,  or  else  taking  the  floor  up.  This 
may  answer  fairly  when  the  roof  is  good^  but  in  case  of  an 
indifferent  roof^  a  small  thickness  of  coal  left  against  it  will, 
in  the  majority  of  instances  save  trouble  and  expense. 

The  mine  being  opened  out  in  pillars  of  about  18  by  12 
yards  for  100  yards  square  from  the  boundary,  drifting 
back  is  first  commenced  in  the  high  level,  and  by  the  time 
it  has  advanced  about  10  yards,  the  roof  has  probably  fallen. 
Drifting  is  then  started  in  the  level  below ;  the  fallen  roof, 
&c.,  in  the  drift  above  being  supported  by  the  pillar  which 
is  being  gotten.  As  the  lower  drift  approaches  the  top  of 
Ihe  pillar,  the  weight  above  generally  makes  itself  evident 
by  the  "  gulching  '*  and  cracking  of  the  coal.  The  drift  is 
then  widened  at  the  top  end  as  much  as  possible,  and  the 
small  pillar  of  coal  against  which  the  gob  is  resting  is 
thinned  as  much  as  can  be  safely  done.  A  shot  is  then 
planted  in  this  pillar  and  fired ;  the  result  generally  being 
what  is  locally  termed  the  "  shooting  of  the  gob."  When, 
as  sometimes  happens,  the  shot  does  not  produce  the  desired 
effect,  the  place  may  be  on  the  move  for  days,  and  occasion- 
ally weeks,  before  the  gob  shoots.  When  once  the  gob 
begins  to  drop,  it  is  certainly  imsaf e  to  venture  up  the  drift, 
as  there  is  no  chance  of  escape  therefrom  in  case  of  either  a 
small  or  large  fall  occurring.  The  drifts  should  not  follow 
too  closely.  The  rise  drift  should  be,  at  least,  10  yards  in 
advance  of  the  drift  below  it,  and  so  on  throughout  the 
series.  It  sometimes  happens,  when  the  drifts  follow  too 
closely,  that  the  shooting  of  one  gob  causes  that  of 
several  others,  which  is  extremely  dangerous  to  those  work- 
ing in  the  lower  drifts.  Such  an  occurrence  often  causes 
considerable  alarm  in  the  pit,  as  the  air  is  reversed,  the 
doors  blown  open,  and  sometimes  down. 

It  occasionally  happens,  when  drifting  against  old  works, 
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that  the  coal  may  be  cleared  without  the  gob  shooting.  In 
such  case  the  practice  is  to  insert  ^Ib.  of  dynamite  into  a 
crevice  in  the  gob^  tho  firing  of  this  generally  causes  the 
desired  slip. 

In  drifting,  the  coal  is  mostly  gotten  by  blasting,  the 
the  pick  being  comparatively  but  little  used. 

In  a  mine  dipping  at  the  rato  of  30  degrees,  practice  shows 
that  the  drifts  would  be  brought  baok  at  an  angle  of  about 
70  degrees  off  the  level  course.  If  the  inclination  exceeds 
45  degrees  this  angle  would  not  exceed  40  degrees.  The 
method  of  getting  the  coal  varies  considerably  in  the 
different  mines,  but  the  operation  may  be  broadly  summar- 
ised thus : — The  drifters  commence  at  the  bottom  end  of  the 
drift,  just  above  the  drawing  level,  and  plant  their  shot  or 
shots  so  as  to  blow  the  coal  parallel  to  the  line  of  the  drift ; 
then  mounting  on  the  gob,  other  shots  are  placed  to  blow 
the  coal  down  to  the  loose  end  left  after  the  first  shot.  The 
charges  of  powder  used  vary  from  fib.  to  l^lb.  per  shot,  and 
the  quantity  of  coal  blown  down  varies  from  5  to  15  loads, 
or  2  to  6  tons  per  shot. 

A  considerable  quantity  of  timber  is  sometimes  required 
to  keep  the  drawing  roads  good  for  about  a  chain  in  advance 
of  the  drifts ;  but  in  the  drifts  themselves  it  is  impracticable 
to  set  much. 

The  "rearing"  mines  have  generally  been  worked  from 
the  outcrop  in  successively  deeper  ranks.  This  causes  a 
rapid  drainage  of  the  gas,  and  is  also  often  the  cause  of  a 
liberal  supply  of  water,  which  is  certainly  the  lesser  evil  of 
the  two  in  such  mines. 

In  opening  out,  especially  if  the  coal  is  diy,  the  gas  is 
generally  very  strong,  and  shows  little  sign  of  abatement 
till  some  communication  is  made  with  the  old  works  of  the 
rank  above.  When  such  commimication  is  effected,  water 
generally  slowly  makes  an  appearance,  and  where  the  water 
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finds  a  way  in,  the  gas  finds  a  way  out,  as  will  be  evident  in 
course  of  time  by  the  lessened  quantity  requiring  to  be  dealt 
with. 

The  writer  is  not  aware  of  any  instance  in  which  a  con- 
siderable body  of  water  has  been  tapped  in  a  "rearing" 
mine,  but  is  inclined  to  think  that  the  probability  or  other- 
wise of  such  an  occurrence  must  greatly  depend  on  the 
manner  in  which  the  coal  was  gotten  in  the  old  workings. 
If  it  was  gotten  clean,  but  little  standage  room  would  be  left, 
on  accoimt  of  the  gob  loosely  filling  up  the  space,  and  the 
water  causing  it  to  swell.  If  the  old  works  consisted  partially 
of  strait-work,  with  a  fair  roof,  water  might  collect  to  some 
extent ;  but  water,  bad  as  if  s  effects  are  on  the  roof  and  floor 
of  a  mine  of  ordinary  inclination,  works  even  more  havoc  in 
a  "  rearing "  mine.  As  may  be  imagined,  the  gas  is 
strongest  in  the  cut-throughs  or  "jack-holes,"  which  are 
driven  just  large  enough  for  a  man  to  work  in,  and  as 
rapidly  as  possible,  being  enlarged,  if  needed,  when  a 
holing  has  been  made  into  the  level  above.  Brattice  is 
seldom  used.  Sheet-iron  air  pipes,  about  10  inches  diameter, 
are  chiefly  used,  and  it  would  be  difficult  to  ventilate  rise 
places  b}''  most  other  means.  Possibly  half -inch  boards 
might  be  used,  but  the  jack-holes  would  require  to  be  driven 
larger  to  allow  of  their  use.  The  chief  objection  to  iron 
pipes  is  that  they  throttle  the  air,  but  the  writer  is  not  able 
to  mention  a  substitute  which  would  possess  the  same  advan- 
tages. There  is  this  advantage  in  their  use,  that  two  sets 
of  pipes,  or  even  more,  may  be  used  to  ventilate  the  places, 
if  found  needful.  T\Tien  the  pipes  have  been  used  for 
"blowing"  air,  the  writer  has  had  lengths  made  with  the 
mouth  "belled  out"  to  about  two  feet,  and  has  found  that 
the  current  of  air  has  been  somewhat  increased  by  that 
addition.  In  "drifting,"  naked  lights  are  almost  indispens- 
able, to  guard  against  the  frequent  falls  of  coal.    These  falls 
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are  generally  small ;  but  a  small  piece  of  coal  or  metal  falling 
from  the  top  end  of  the  drift  may  cause  a  serious  accident. 

Generally  speaking,  but  little  if  any  gas  is  to  be  found  in 
the  goaf,  if  the  works  in  operation  have  any  communication 
with  the  old  workings.  Gas  may  occasionally  be  found  in 
the  top  drifts,  but  it  seldom  happens  that  the  gob  shoots 
so  closely  as  to  make  up  the  airway  round  the  face  of  the 
drift ;  and,  in  addition,  the  gob  acts  as  packing,  prevent- 
ing the  sudden  fall  of  any  large  quantity  of  roof.  G^a8  is 
seen  in  the  goaf  sometimes,  but  generally  in  holes  where  the 
roof  has  partially  fallen  before  the  gob  has  shot. 

The  writer  may  sum  up  his  conclusions  bearing  on  the 
ventilation  of  rearing  mines  as  follows : — Use  safety  lamps 
while  opening  out.  Make  a  communication  with  old  works 
to  the  rise,  if  practicable  to  do  so,  as  soon  as  possible.  Do 
not  have  a  level  and  cut-through  in  driving  at  the  same 
time.  Pay  special  attention  to  examining  for  gas  between 
the  face  of  the  levels  and  the  last  open  cut-through.  See 
that  the  brattice  sheets  in  which  air  pipes  are  fixed  are  not 
made  too  tight.  If  there  be  gas  iu  the  goaf,  stop  the  drifts 
till  the  gob  shoots. 

Rearing  mines  are  naturally  adapted  to  the  "ascensional" 
system  of  working  the  air,  as  in  a  majority  of  cases  it  would 
be  difficult  to  ventilate  in  any  other  way  to  any  great  extent. 

The  subsidence  of  surface,  caused  by  the  working  of  rear- 
ing mines,  is  hardly  included  in  the  subject  of  this  paper ; 
but  the  writer  may  note,  in  passing,  that  as  far  as  he  has 
had  the  opportunity  of  observing,  the  steeper  the  dip  is 
(beyond  40  degrees),  the  smaller  is  the  subsidence. 

The  sketch  No.  4  is  a  section  of  the  lower  rank,  recentlv 
proved  at  the  New  'Winning,  TiCycett  Collieries,  where,  as 
will  be  seen,  the  strata  are  considerably  contorted. 

Sketoh  No.  o  is  a  plan  showing  the  direction  of  the  level 
in  the  10ft.  mine,  at  the  H.  and  W.  pits,  Leycett   PoUierj'. 
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The  section  acro:58  A,  li  shows  the  contortions,  locally  teimed 
a  "horse-back." 

The  writer  has  collected  these  notes,  trusting  that  they 
might  be  of  interest  to  the  members  of  this  society,  but 
hardly  in  the  expectation  that  they  would  be  of  much  use  to 
the  few  engaged  in  working  "rearing"  mines.  The  con- 
ditions existent  at  the  Leycett  Collieries,  except  as  regards 
dip,  would  hardly  be  found  in  many  other  places,  and  where 
found  would  doubtless  be  dealt  with  in  an  efficient  and  pos- 
sibly somewhat  similar  manner. 

In  conclusion,  the  writer  has  to  express  his  thanks  to  Mr 
Stevenson  and  Mr.  James  Holme,  of  the  Leycett  Collieries, 
for  the  information  they  have  kindly  afforded  him. 


Mr.  J.  F.  Seddon  said  he  coidd  not  help  expressing  great 
gratification  that  Mr.  Grimshaw  had  brought  this  subject  imder 
the  notice  of  the  members.  They  seemed  at  the  Leycett 
Colliery  to  have  a  very  large  selection  of  inclinations — far 
more  than  he  (Mr.  Seddon)  had  supposed  to  have  existed  in 
Great  Britain.  He  had  paid  special  attention  to  the  subject 
of  steep  mines  for  some  years,  and  had  visited,  as  he  thought, 
all  those'  collieries  where  the  steepest  inclinations  were  to  be 
seen;  but  he  had  not  visited  this  particular  coUierj',  the  features 
of  which  differed  very  materially  from  what  he  had  been 
accustomed  to — the  inclinations  being  so  irregular.  His 
experience  was  that  steep  mining  was  very  costly  and 
difficidt  under  the  most  favourable  circumstances,  but  in  this 
mine,  where  the  dips  were  so  various  and  irregular,  he 
imagined  that  the  persons  engaged  in  working  it  had  any- 
thing but  a  pleasant  task.  He  would  like  to  know  from 
Mr.  Grimshaw  whether,  in  the  balance  brows,  the  roof  was 
of  such  a  nature  that  it  would  hold  together  without  artificial 
support,  for  say  6  or  7  feet  wide,  as  if  it  had  to  be  timbered 
the  process  would  be  an  expensive   one,   and   one   which 
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would  haixily  adiuit  of  the  work  going  on  if  the  timher 
had  to  be  much  renewed  from  time  to  time ;  also,  whether, 
according  to  Mr.  Grimshaw's  experience,  the  100  yards 
named  in  the  paper  w:a8  the  practical  limit,  for  the  length 
of  the  brow,  as  well  as,  of  the  levels  out  of  it.  He  pre- 
sumed that  whilst  driving  the  balance  brows  up,  the  coals 
produced  in  them  tumbled  down,  and  foimd  their  way  to 
the  bottom  as  best  thoy  could;  and,  further  asked  Mr. 
Grimshaw  how  much  coal  per  man,  per  day,  could  be  pro- 
duced, as  compared  with  a  mine  of  the  same  thickness  and 
ordinary  inclination. 

Mr.  Gkimshaw  said  the  balance  brows  were  driven  between 
8ft.  and  Oft.  wide,  and  there  was  much  less  stress  on  the 
roof  in  them,  generally  speaking,  than  there  was  in  the 
levels.  They  would  stand,  in  the  case  of  some  mines,  that 
width,  in  other  mines  they  would  not.  For  instance,  in  one 
place  it  was  found  requisite  to  have  verj^  strong  cross  pieces, 
across  the  brow,  let  into  the  coal  on  each  side.  It  was 
impossible  to  prop  under  them,  and  in  the  case  of  a  roof 
that  would  not  stand,  it  was  necessary  to  curtail  the  width 
of  these  brows.  In  some  cases  that  had  been  done ;  but  the 
practice  differed  with  every  mine  that  was  worked.  A 
hundred  vards  was  the  limit  to  which  a  balance  brow  could 
be  worked  to  take  the  coal  from  the  levels — taking  them 
every  ten  ( r  twelve  yards.  A  balance  brow  of  100  yards  in 
good  working  order  would  not  deliver  more  than  300  tubs 
in  ten  hours.  Getting  back  was  not  at  all  regiilar  work,  it 
was  all  shot  work,  and  sometimes  a  shot  would  bring  verj" 
little,  whilst  at  other  times  it  would  bring  down  50  to  60  tubs 
of  coal.  A  collier  would,  he  thought,  on  an  average,  get 
fully  as  much,  if  not  more»  coal  per  shift  in  a  **  rearing 
mine"  than  he  would  in  a  flat  one.  He  might  mention  that 
the  levels  were  generally  driven  at  a  yard  price,  the  coal  not 
being  paid  for  separately.     He  might  also  say  that   the 
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proportion  of  round  coal  was,  as  might  be  expected^  greater 
in  "  pillaring  back ''  than  in  opening  out. 

In  reply  to  Mr.  Martin,  Mr.  Grtmshaw  said  the  limit  of 
100  yards  in  the  levels  was  on  account  of  the  price  paid  for 
way-drawing.  The  limit  of  the  length  of  the  brow  itself 
varies  somewhat  according  to  the  dip,  but  where  the  dip  was 
45  to  50  degrees,  the  distance  was  limited  by  the  amount  of 
work  that  could  be  done  in  the  brow. 

Mr.  Martin  said  that  in  **  rearing  mines  "  with  which  he 
had  been  connected,  some  of  the  balance  brows  extended 
to  150  or  160  yards ;  the  levels,  which  were  set  off  about  10 
or  11  yards  apart,  were,  however,  not  generally  all  at  work 
at  the  same  time.  The  distances  between  the  brows  varied 
very  considerably  according  to  circumstances,  and,  in  some 
cases,  were  as  much  as  500  yards.  The  length  of  level 
worked  on  one  side  from  a  brow  varied  from  100  to  400 
yards.  This  was,  however,  a  matter  which  depended  on 
the  respective  mines  and  the  local  circumstances.  The 
making  of  brows  in  such  mines  was  very  expensive  and 
require  a  considerable  time,  more  especially  where  the  dip 
was  from  30  to  60  degrees,  and  the  coal  so  soft  as  to  require 
props  under  the  cross  pieces.  The  character  of  the  roof 
and  floor  and  regularity  of  the  dip,  plays  an  important 
part,  in  deciding  whether  the  maintenance  of  short  levels, 
with  a  low  "putting'*  price,  but  with  increased  outlay 
in  making  brows  ready,  or  the  maintenance  of  long 
levels  with  a  higher  "  putting "  price,  but  with  reduced 
outlay  in  making  brows  ready.  &c.,  is  the  most  profit- 
able. In  the  mines  to  which  he  referred,  unfortunately 
necessity  had  to  prove  the  mother  of  invention,  as  the  levels 
had  to  be  largely  secured  with  timber.  Referring  to  the 
mode  of  ventilation,  he  said  that  pipes  were  in  some  special 
instances  used,  but  the  forcing  of  the  air  through  them  was 
found  to  interfere  more  with  the  general  ventilation  than 
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was  the  u«e  of  half-inch  deal  brattice,  which  was  largely 
used  for  temix)rary  pui'poses  whilst  holing  "  cut  throughs" 
between  the  levels.  This  plan  admitted  of  a  larger  area 
being  available  for  the  circulation  of  air,  which  was  most 
desirable  ;  as,  in  accordance  with  the  area,  and  the  length  of 
pipes,  &c.,  through  which  the  air  has  to  be  forced,  the 
ventilation  would  be  additioimlly  throttled. 

Mr.  GRiM.su.i\v  mentioned  that  there  had  been  cases  of 
difficidty,  in  which  as  many  as  thi*ec  sets  of  pipes  were 
required,  but  he  refeiTed  more  jmrticularly  to  the  "jack 
holes,"  or  "  cut- throughs,"  driven  with  just  room  enough  for 
the  men  to  work  in.  He  also  spoke  of  not  having  the  cloths 
too  tight,  on  account  of  the  pipes  throttling  the  air ;  and 
mentioned  also  that  it  was  better,  in  every  case,  in  a  "  rearing 
mine,"  not  to  have  the  level  and  cut-through  going  together. 
He  also  considered  that  in  "  cutting  out"  lamps  ought  always 
to  be  used,  but  in  "drifting"  or  "pillaring  back"  the  men 
had  a  ver}''  sti'ong  objection  to  lamps;  and  from  his  own 
experience  in  "rearing  mines"  he  might  say  that  he  too 
had  a  very  strong  objection  to  them. 

Mr.  Martin  said  that  he  experienced,  at  first,  a  very 
strong  objection  on  the  part  of  the  men  to  use  safety 
lamps,  especially  "Davy's;"  but  they  overcame  it  in  a 
measure  by  introducing  Clanny  lamps,  and  after  a  short 
time,  when  the  men  became  used  to  them,  there  was  no 
further  objection  raised. 

The  CiiAiRM  VN  said  that  Mr.  Grimshaw^s  paper  was  an 
eminently  practical  one,  and  one  that  must  be  of  use  to  many 
members  of  the  society.  The  larger  proportion  of  the  mining 
members  were  connected  with  mines  dipping  at  a  modei*ate 
angle,  but  some  of  the  mines  arc  stecj).  For  instance,  in  the 
neighbourhood  of  Manchester  the  dip  did  not  exceed  perhaps 
one  in  two  and  a  half,  and  the  average  was  perhaps  one  in 
three  and  a  half.     At  the  eastern  out-crop — near  Ashton* 
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iinder-Lyne,  and  on  the  Cheshire  side — the  mines  at  the  out- 
crop were  almost  as  steep  as  those  in  North  Staffordshire ; 
and  on  the  northern  part,  about  Great  Harwood,  they  dipped 
at  an  angle  of  about  00  degrees,  and  at  the  out-crop  the  coal 
was  perpendicular,  and  even  at  places  actually  overlapped 
itself  a  little.     But  in  the  principal  portion  of  the  coalfield, 
as  about  Worsley,  Hultoii,  &c.,  and  in  the  Wigan  district, 
the  angle  was  much  flatter.     The  details,  therefore,  which 
Mr.  Grimshaw  had  given  them  would  bo  very  useful  to 
mining  engineers  generally.     He  had  pointed  out  in  his 
paper,  and  in  answer  to  questions,  many  of  the  difficulties 
that  were  met  with ;  the  way  in  which  the  roof  would  not 
stand  when  worked  in  certain  directions ;  and  the  way  in 
which  the  gob  rushed  back  in  the  workings  in  drawing  back 
the  coal.     He  had  also  replied,  in  answer  to  a  question 
whether  such  flatness  of  a  fault  as  sho^Ti  in  his  section  was 
usual  or  not.     Of  course  it  was  not  usual  in  any  district 
where  the  strata  were  lying  horizontally ;  but  in  all  steep 
strata  the  slope  of  a  fault  varies  according  to  the  angle  at 
whi?h  the  strata  lie  against  it.     This  rule  would  be  found 
universally  ciirried  out,  not  only  in  North  Staffordshire  but 
also  in  the  steep  mines  of  Somersetshire  and  in  Belgium. 
Some  faults  which  ho  had  seen  in  Belgian  mines  ran  per- 
fectly horizontal,  but  the  direction  of  the  throw  could  always 
be  ascertained  by  observing  the  angle  at  which  the  strata 
came  against  the  sides  of  the  fault.     The  Leycett  mines  he 
(the  Chairman)  visited  several  years  ago,  and,  as  far  as  his 
recollection  served,  they  had  been  very  carefully  and  accu- 
rately  described  by  Mr.  Grimshaw.     Ho  had  also  visited  the 
Somersetshire  mines,  where  some  of  the  overlaps  were  very 
distinct.     Also  mines  in  Belgium  where  the  overlaps  were 
so  distinct  that,  at  some  places,  had  a  shaft  been  sunk,  it 
would  have  passed  through  the  same  seam  three  times.     In 
that  country,  where  they  had  a  very  large  numl>er  of  steep 
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mineB  to  work — some  verticdl  and  some  overlapping — ^the 
nniTersal  system  was  the  long  walL  There  was  scarcely 
such  a  thing  as  working  a  mine  by  the  pillar  and  stall,  as 
practised  in  Xorth  Staffordshire.  A  great  advantage  of 
working  these  steep  mines  by  the  long  wall  was,  that  they 
got  rid  of  many  of  the  shoots  of  gob,  which  appeared  to  be 
a  Tery  serious  matter  in  North  Staffordshire.  But  great 
difSculties  had  to  be  contended  with  in  driving  out  the  long 
wall  in  steep  mines ;  they  had  the  gob  or  goaf  above  the 
level  to  support.  That  had  to  be  done  by  setting  very  strong 
timbering,  and  upon  that  timbering  putting  laggings  and 
brushwood,  for  the  gobbings  to  rest  upon.  By  the  long  wall 
process  a  larger  proportion  of  large  coal  may  usually  be  got, 
which  is  a  great  advantage. 
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Mr.  George  Goodwin,  Broomstair  Colliery,  Denton ;  Mr. 
William  Holding,  Brinsop  Hall,  Westhoughton ;  Mr.  Wm. 
Henry  Place,  Hoddleston  Collieries,  Darwen ;  Mr.  Thomas 
Tomlinson,  3,  Richmond  Terrace,  Whitehall,  London ;  and 
Mr.  Thomas  Edward  West,  65,  Wemeth  Hall  Road,  Oldham, 
were  elected  members  of  the  Society. 


THE  CONDITION  OF  VESUVIUS  IN  JANUARY, 

1877. 

By  Professor  Boyd  Dawkins,  F.R.S.,  President. 


Vesuvius,  as  we  see  from  the  reports  of  Professor  Palmieri 
in  The  Times,  "  is  in  a  fever,**  and  may  shortly  be  expected 
to  be  in  a  state  of  activity.  While,  then,  we  are  awaiting 
another  eruption,  it  seems  to  me  worth  while  to  record  its 
condition  as  it  appeared  to  us  in  the  beginning  of  January, 
together  with  some  general  reflections  on  its  history. 


On  fitaiting  from  Naples  for  the  tc^of  YesaTiuB  you  diiye 
along  a  plain  which  is  at  the  foot  of  the  rising  ground  on 
which  Besina  stands,  a  densely  crowded  town  on  the  site  of 
the  old  Betina  and  that  of  Herculaneum,  which  lies  deep 
under  the  accumulations  of  successive  eruptions,  the  Tolcanic 
mud  by  which  it  was  oTerwhdmed  in  A.D.  79  being  oorered 
by  subsequent  flows  of  la^-a  that  sweep  down  to  the  sea,  and 
now  furnish  supplies  of  good  building  stone.  Then  you 
creep  laboriously  along  the  dusty  road,  winding  between  the 
vineyards  and  fig-gardens,  towards  the  Observatory,  where 
Professor  Palmieri  keeps  watch  and  ward  over  Yesuvius. 
The  vineyards  are  soon  left  behind,  and  we  plunge  into  a 
}^va  stream,  in  some  places  like  the  ashes  from  an  iron 
furnace;  in  other  places  like  a  swirling  torrent  suddenly 
turned  into  stone,  and  with  the  surfoce  folded  and  twisted 
into  most  fantastic  shapes.  Where  the  fall  of  the  ground 
had  been  great,  the  viscous  mass  had  cooled  into  great  rope- 
like coils.  The  effect  of  ihe  rate  of  cooling  and  of  the 
pressure,  in  altering  the  texture  of  the  lava,  was  very  well 
shown  in  some  of  the  sections  exposed  by  the  hea^-y  rains, 
where  the  lower  part  of  the  lava- stream,  resting  on  a  bed  of 
ashes,  was  very  hard  and  compact,  while  th*^  little  cavities 
in  it  increased  in  nimiber  and  size  until  the  surface  was 
reached.  This  is  due  to  the  gases  and  steam  imprisoned  in 
the  heated  rock  being  imable  to  expand  and  escape,  because 
of  the  pressure  of  the  upper  part.  The  black  rugged  surface 
of  the  lava  fissured  and  crannied  in  everv  direction,  the 
home  of  innumerable  lizards,  and  with  its  hollows  covered 
with  a  lichen  which  gives  a  whitish  tint  (like  that  of  a  white 
efflorescent  salt),  forms  a  striking  contrast  to  the  gardens 
close  by.  You  could  stand  with  one  foot  on  a  land  fertile 
as  Paradise,  and  with  the  other  on  a  desolate  treeless 
expanse,  as  barren  as  the  dried-up  region  of  Aden. 

The  Observatorj',  and  the  old  Hermitage,  where  the  car- 


171 

riages  are  left  behind,  stands  on  a  promontory,  a  fragment 
of  the  ancient  crater  of  Monte  Somma,  swept  on  either  side 
by  currents  of  lava  from  the  great  troubled  sea  of  lava  which 
has  to  be  traversed  before  you  get  to  the  cone  of  Vesuvius, 
that  stands  in  all  its  naked  grandeur  before  you,  with  the 
path  leading  to  its  summit  marked  by  a  faint  zig-zag  line, 
and  flecked  here  and  there  by  a  few  patches  of  white  in  its 
lower  parts.  Its  base  is  2125  (Aneroid)  feet  above  the  sea. 
The  highest  point  of  the  crater  visited  was  4100  feet 
(Aneroid)  above  the  sea.  The  height,  however,  is  constantly 
varjnng,  either  by  the  ejection  of  new  clouds  of  ashes,  or  by 
its  edges  tumbling  in.  The  cinder  cone  itself  is  2050  feet 
from  the  point  where  it  rises  from  the  sea  of  lava  to  the 
summit. 

The  cone  is  composed  of  loose  rolling  cinders,  compacted 
together  here  and  there  by  veins  and  "dykes"  of  lava,  and 
resting  at  an  angle  varying  from  30  to  18  degrees.  On 
getting  out  of  the  beaten  track  I  observed  that  the  coating 
of  loose  cinders  was  merely  superficial.  It  conceals  a  strata 
of  hard  white  snow,  which  was  protected  from  the  heat  of 
the  sun  by  the  low  conducting  power  of  its  covering.  This 
was  the  case  in  several  places  in  the  lower  two-thirds  of  the 
cone.  In  the  upper  third  the  heat  of  the  mountain  began 
to  be  felt,  and  at  the  top  the  surface  was  warm  enough  to 
be  sensible  through  the  thick  soles  of  shooting  boots. 

The  lip  of  the  crater  is  a  true  knife  edge,  from  which  you 
look  down  into  a  vast  precipice-girt  amphitheatre,  full  of  a 
yellowish- white  vapour,  of  the  consistence  of  a  London  fog, 
in  a  state  of  continual  movement,  and  lit  up  now  and  then 
by  the  glare  of  a  spurt  of  molten  lava.  A  low  rhythmical 
roaring  and  a  continuous  hissing  sound  pointed  out  the 
hidden  seat  of  actual  disturbance,  far  down  below.  The 
vapour  is  composed  of  steam,  hydrochloric  acid,  sulphuretted 
hydrogen,  carbonic  acid,  and  sal  ammoniac,  and  rose  over 
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the  lip  of  the  crater  in  suffocating  gusts,  sufficiently  acid  to 
affect  the  colour  of  a  feather  worn  by  a  lady  of  our  party, 
and  to  render  a  descent  into  the  crater  for  more  than  a  few 
feet  very  dangerous.  A  coating  of  yellow  sulphur,  about 
three  inches  thick,  covered  the  lip,  and  beneath  this  the 
loose  grey  ashes  gave  out  aqueous  vapour  at  every  pore, 
which  deposited  on  them  in  some  places  white  powdery 
sulphate  of  lime,  in  others  common  salt,  sal  ammoniac,  green 
chloride  of  copper,  and  specular  iron  ore,  which  looked  like 
little  pieces  of  shattered  mirrors  scattered  through  their 
substance.  It  was  obvious  that  here  we  had  a  striking  proof 
of  the  mode  in  which  water,  in  passing  through  heated  rock, 
can  carry  minerals  in  solution  and  ultimately  deposit  them. 
In  these  processes  we  could  easily  recognise  the  mode  in 
which  the  various  metals  were  brought  up  from  deep  down 
in  the  earth's  crust  and  deposited  in  holes  and  crannies  in 
the  rocks,  which  are  accessible  to  man  as  mineral  veins.  At 
a  point  a  few  feet  within  the  edge  of  the  crater  the  ashes 
were  so  hot  about  three  inches  from  the  surface  as  to  kindle 
a  piece  of  paper  instantly  on  its  being  thinist  in,  although 
they  looked  perfectly  dead  and  black.  At  a  very  little  depth 
the  heat  must  be  enormous. 

According  to  the  last  accoimts,  the  signs  of  an  approacb- 
ing  eruption  are  increasing.  The  glare  of  the  molten  lava 
at  the  bottom  of  the  crater,  dimly  visible  to  us  through  the 
vapour,  is  now  to  be  seen  as  far  off  as  the  observatorj% 
where  Prof.  Palmicri  records  every  phase  of  the  varying 
phenomena,  and  every  throe  of  the  Typhon  (earthquake) 
fabled  to  lie  buried  under  the  roots  of  Vesuvius  and  Etna, 
and  to  be  striving  to  rise  again  to  the  upper  world. 

At  the  time  of  our  visit,  the  white  vapour  poured  into  the 
hollow  between  Vesuvius  and  Monte  Somma,  known  as  the 
Atrio  del  Cavallo,  and  looked  at  from  the  Bay  of  Naples 
rose  like  a  tall  white  plume,  very  different  from  that  great 
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towering  mass  which  in  times  of  eruption  has  been  likened 
by  all  observers  to  the  dark  head  of  an  Italian  stone-pine, 
and  still  more  unlike  that  dense  cloud  which  arose  in  1872 
from  the  burning  torrents  of  lava,  which  plunged  far  down 
the  slopes,  obscuring  the  whole  of  the  cone  of  Vesuvius  and 
of  Somma  in  one  vast  towering,  canopy,  which  was  as  the 
smoke  of  a  fiery  furnace.  The  mountain  may  be  said  to  be 
now  in  a  state  of  "  unquiet  rest." 

From  the  tables  published  by  Prof.  Phillips  (Vesuvius)  it 
is  obvious  that  the  eruptions  have,  on  the  whole,  been  in- 
creasing in  number  since  the  Christian  era.  In  the  present 
century  there  have  been  twenty-five ;  in  the  eighteenth, 
twenty-three ;  in  the  seventeenth,  four  ;  while  in  the 
remaining  sixteen  there  have  only  been  fourteen  alto- 
gether, which  gives  an  average  of  less  than  one  per 
century.  The  inhabitants  therefore  of  the  surrounding 
district  may  reasonably  look  forward  to  an  eruption  at  least 
once  every  three  or  four  years,  if  the  extreme  of  the  present 
century  be  only  taken  into  account.  And  since  that  of 
1872  was  the  last,  the  next  is  now  over- due,  and  may  be 
expected  at  such  time  as  the  column  of  lava  can  be  raised 
sufficiently  high  in  the  crater  to  burst  through  the  sides  and 
flow  over  the  surface,  as  it  threatened  to  do  in  1876,  and  is 
threatening  now.  We  may  view  it  as  the  safety  valve  of 
the  whole  volcanic  district  around,  through  which  those 
forces  find  ventilation,  which,  otherwise  pent  up  and  accimiu- 
lated,  would  ultimately  result  in  a  stupendous  destruction 
like  the  first  on  record.  In  former  times  they  found  vent 
in  several  places  in  the  district.  The  Phlegrncan  Fields  are 
full  of  volcanic  craters,  as  close  together  as  those  which  pit 
the  surface  of  the  moon.  That  of  Monte  Agnano  still 
gives  off  vast  volumes  of  vapour  containing  sulphur  and  sal- 
ammoniac,  and  of  carbonic  acid  gas  that  blows  out  of  the 
vent  named,  after  the  unhappy  dog  thrown  into  it  to  satisfv 
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die  cxmsL  eorfiai^rr  ot  Tussonw  c&e  Cpcqc^  U  Case.  Tliat  of 
die  SoLracera  in  ^aid  t«}  Imxe  bees.  m.  ovpciQii  in  de  middOe 
^S!e»r  ^'"*^  iLo^r  si^e^^otF  <«tcanL€iLir^edwTciL  viziaaB  ■unefmb^ 
wfuek  ribjies  upwiird:?-  j:^  if  trooL  a  gxgsntBc  sdbtczmiem 
faoOer*  aod.  pjizr»  up  tx^  «^Tia2itit£e»  of  fine  Totraciiir  Hod, 
wfaicii  ii§  ramTTTay  to  maiLT  izL  die  iluipe  of  atcdalliaDay  md 
caktaem^^  xzui  ociier  oraasLSit^  made  of  **  l&Ta.**  Tlie  MoBle 
XaoTn.  a  eone  4*»  feet  hiA^  tsked  on.  die  ste  of  a  TmQej  in 
die  Jiort  ^Mice  of  diree  iijs  in  I-V3S^  tiUmg  19  part  of  the 
Locrme  Lake,  aikd  q*>w.  widioat  anj  tnee  of  actrfitr*  pvoTn 
that  uDrdemettth  diL^  regioa  fofc«»  lie  donnant  which  bom. 
time  to  time  assert  themjselTei  with  trrmenAHL?  encrgr,  and 
need  »me  safety  Talre.  that  thej  maj  be  prerentcd  from 
accxxmalating.  The  pr&sezit  chronic  aetivitr  of  Tesmiosv 
therefore,  mav  be  Tiew€d  a^  Terr  fortimate  ior  the  inhabi- 
tant^  of  the  district,  althoo^  it  has  a  Tery  different  aspect 
to  the  dwellers  on  it:»  <ides»  who  have  to  seek  compensalkii 
from  the  GoTemment  for  bomt  Tine^  and  gardois  ^oflt  by 
the  fine  a^hc^  and  acid  Tupoars^  which  afi!ect  the  Tegetation 
a*  fcadiv  a.-  tKe  iumes  from  alkali  work>. 

The  Ve>iiviu>  of  t»>-dav  :-  altogether  a  different  mountain 
to  that  which  wa«»  known  to  the  eIa>«iioal  writers.  The 
earliest  mention  of  it  is  ci>nnecteii  with  the  Servile  Wars, 
provokf^l  by  the  ruthless  oppre:?sion  of  the  Roman>.  We 
are  told  by  FIohl*  that  the  gallant  swordsman,  Spartaen?, 
tfjok  refuge  with  his  band,  fa.  7*2,  within  the  crater,  which 
wail  then  in  form  verj'  much  like  that  of  the  amphitheatre 
in  which  he  had  *<»  frequently  been  viotorioup.  "  Prima 
re^ut  arfiin  rirU  Moi>*  V**»y':ift4  jJ^fenit,"  writes  Floniis  w-ith 
fdngnlar  fitne^**.  The  level  lj«jttom  was  the  arena  or  stag?, 
and  the  lofty  precipice^  by  which  it  was  surrounded  would 
aptly  recall  to  the  minds  el  the  gladiators  the  rows  of  seats 
ri«»irig  tier  above  tier,  from  which  the  spectators  admired 
their   struggle*?    to  the  dc*ath.     It   was,    indeed,    the   most 
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appropriate  place  for  raising  the  standard  of  rebellion. 
Besieged  here  by  Clodius  Glabnis,  the  PrsDtor,  ho  scaled 
the  precipices  by  means  of  ladders  made  by  wild  vines 
twisted  together,  and  surprised  and  routed  his  besiegers. 
From  this  account  it  is  evident  that  then  the  crater  was 
clothed  with  vegetation,  and  that  the  fires  within  were  then 
not  kindled.  Nevei*theless,  Diodorus  Simlus,  writing  twenty- 
seven  years  afterwards,  remarks  that  it  bore  "  many  marks 
of  having  emitted  fires  in  ancient  times,  and  Fpmpeii  itself 
is  built  upon  the  debris  of  an  ancient  prehistoric  eruption." 
This  crater,  however,  of  Spartacus  is  not  to  be  confounded 
with  the  crater  of  modem  times,  which  is  a  variable  heap, 
thrown  up  from  time  to  time,  and  again,  not  seldom,  by  a 
greater  effort  of  the  same  force,  tossed  away  into  the  air 
and  scattered  in  clouds  of  dust  over  far-away  coimtries.  It 
is  represented  by  the  ruined  crater  of  Monte  Somma,  as 
pointed  out  by  Sir  W.  Hamilton  and  Professor  Phillips, 
which  was  reduced  to  its  present  state  by  the  first-recorded 
eruption,  a.d.  79,  of  which  Pliny  the  yoimger  has  given  us 
an  account  valuable  in  many  ways. 

As  the  result  of  this  memorable  eruption,  the  side  of  the 
mountain  which  faced  towards  the  south-west,  that  is  to  say,  in 
the  direction  of  the  three  overwhelmed  cities,  was  destroyed, 
vi'hile  to  the  north  the  precipices  of  Monte  Somma  mark  the 
site  of  the  ancient  crater.  To  the  south-west  it  has  been 
obliterated  to  a  great  extent  by  repeated  eruptions,  but  its 
form  may  bo  traced  with  considerable  accuracy  by  the  break 
in  the  contour  of  the  mountain,  which  is  known  as  the 
Pedimentina.  The  ancient  crater  of  Vesuvius  known  to 
Spartacus  is  now  to  be  sought  principally  in  the  debris 
which  has  covered  up  the  ruined  cities  of  the  plain  and 
filled  up  the  sea  for  at  least  a  mile  away  from  its  ancient 
coast.  From  that  time  the  shape  of  the  mountain  has  been 
changed  by  the  successive  eruptions,  and  the  greater  part  of 
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the  top  of  the  present  cone  has  been  built  up  since  the  year 
1843. 


Mr.  A.  W,  Waters  said  that  last  winter,  when  in  Naples, 
he  went  twice  to  Vesuvius.     On  the  first  occasion  the  moun- 
tain wad  comparatively  quiet,  and  he  was  able  to  descend 
into  the  crater.     Of  course  there  was  a  good  deal  of  gas  and 
vapour  all  round  the  top   which  was   unpleasant  to  pass 
through,  and  there  was  the  same  lower  down,  but  at  times 
the  smoke  blew  away  and  they  were  able  to  see  the  opening 
quite  distinctly.     He  stood,  probably,  20  or  30  feet  from 
the  opening,  and  looking  down  into  it.     That  opening  is 
slightly  eccentric,  and  alters  constantly.    About  six  weeks 
after  I  had  been  up  Vesuvius  the  first  time,  the  siesmo- 
graph  of  Professor  Palmieri  showed  movements  going  on 
below,  and  shortly  after  there  was  an  earthquake,  which 
caused  a  good  deal  of  excitement  in  Naples ;  the  lava  rose 
in  the  cone,  and  it  was  thought  there  would  be  an  eruption. 
It  rose  so  far  as  to  cause  the  smoke  to  be  slightly  coloured 
at  night,  but  there  was  nothing  further  than  that,  although 
it  was  reported  in  some  English  papers  that  there  had  been 
an  eruption.     About  that  time  he  went  up  again.     Then  it 
was,  of  course,  impossible  to  go  down  into  the  crater,  but 
the  day  he  went  up  he  did  not  find  that  there  was  as  much 
activity  observable  as  he  had  expected ;  he  heard  hardly 
any  noise  when  he  was  standing  up,  and  it  was  only  by 
lying  down  and  placing  his  ear  on  the  ground  that  he  could 
hear  slight  rumbling  below.     The  surface  was  considerably 
hotter,  and  he  was  able  to  get  a  stick  to  burn  much  more 
readily  than  on  the  occasion  of  his  first  visit.     With  regard 
to  any  coming  eruption,  too  much  reliance  should  not  be 
placed  upon  reports.     The  movement  shown  by  Professor 
Palmieri's  instnmient  indicated  that  there  was  great  likeli- 
hood of  one,  but  further  than  that  it  was  impossible  to  say 
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anything,  although  the  movement  might  result  in  the  lava 
riaingy  as  it  did  last  year,  not  suflBciently,  however,  to  cause 
an  eruption.  Each  year  the  most  was  made  of  any  move- 
ment, especially  about  the  beginning  of  January,  when  they 
wanted  to  attract  all  the  visitors  they  could  to  Naples.  Pro- 
fessor Dawkins  had  scarcely  touched  upon  the  general 
phenomena  of  volcanos,  but  he  had  pointed  out  that  all 
the  cone  of  Vesuvius  was  above  the  level  of  the  sea.  But 
the  greater  part  of  the  volcanic  formations  around  Naples 
had,  on  the  contrary,  been  formed  under  water — ^not 
Vesuvius  itself,  but  nearly  all  the  tuffs  in  the  neighbourhood 
of  Naples,  and  around  the  Phlegraean  Fields  ,  all  these  had 
been  formed  by  volcanos  when  that  district  was  imder  water. 
Very  recently  he  (Mr.  Waters)  heard  Professor  Carpenter 
declare,  in  the  course  of  a  lecture,  that  these  tuffs  were 
regularly  stratified,  and  that  if  he  had  not  examined  them 
he  should  have  believed  that  they  had  been  deposited  imder 
wat^r.  They  had  been  so  deposited,  and  the  strata  con- 
tained shells  of  species  which  were  now  found  living  in  the 
Bay  of  Naples. 


AMBULANCES  FOE  COLLIERIES. 


Mr.  Dickinson  said  he  had  received  a  letter  from  Sir 
Edmimd  Lechmere,  on  the  subject  of  ambulances  for  col- 
lieries, with  a  request  that  he  would  bring  it  before  the 
Society,  in  order  that  it  might  receive  the  attention  of  the 
mining  public.  He  believed  that  few,  if  any,  of  the  col- 
lieries in  this  district  were  provided  with  special  appliances 
for  the  removal  of  injured  persons. 

Some  drawings  which  accompanied  Sir  E.  Lechmere's 
communicati(>n  were  exhibited,  showing  an  arrangement 
which,  Mr.  Dickinson  said,  seemed  to  be  very  complete. 
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A  DESCRIPTION  OF  THE  SINKING  THROUGH 
THE  QUICKSAND  AND  OTHER  DEPOSITS 
OVERLYING  THE  METALS  AT  ROYTON, 
LANCASHIRE. 

By  Walter  Evaxs. 


There  is  no  doubt  that  in  many  districts  where  the  metals 
are  covered  with  a  considerable  thickness  of  quicksand,  dbc, 
that  sinking  through  [these  deposits  has  been,  and  will  be, 
avoided  as  long  as  possible,  owing  to  the  difficulties  expected 
to  be  encountered  when  sinking  through  deposits  of  this 
nature  is  commenced.  The  time  is  quickly  coming  when 
these  difficulties  will  have  to  be  &ced;  they  are  of  no 
trivial  character,  and  cannot  receive  too  much  consideration 
from  those  who  are  likely  to  have  such  sinkings  to  contend 
with.  This,  then,  is  my  reason  for  bringing  before  this 
Society  the  present  subject,  in  the  hope  that  the  description 
of  the  sinking  in  question,  though  containing  nothing  new 
to  many  of  the  members,  will,  at  least,  be  interesting  to 
some  of  them. 

The  following  is  a  section  of  the  hole  bored  before 
sinking  was  commenced,  and  though  it  is  not  of  a  very 
inviting  character,  from  former  holes  which  had  been  bored 
it  was  considered  to  present  the  most  favourable  section, 
and  was  therefore  chosen  for  the  sito  of  the  sinking.  The 
surface  at  the  top  of  the  bore  hole  was  500  feet  above  the 
sea  level : — 
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The  preparations  made  for  hanging  the  pit  were  as 
follows : — 

Four  balks  of  pitch  pine  were  placed  parallel  to  each 
other  at  such  distances  as  to  allow  ten  hangers  to  be  placed 
in  the  pit  without  their  passing  through  these  timbers.  The 
beams  were  doubled  in  depth,  now  measuring  60  feet  long, 
18  inches  broad,  and  36  inches  deep.  The  ends  were  laid 
upon  sleepers,  short  struts  were  placed  from  beam  to  beam, 
and  through  these  the  hangers  passed.  By  these  means  the 
weakening  of  the  main  timbers  by  boring  through  them 
was  avoided.  The  whole  of  the  timbers  were  firmlv  braced 
together,  and  the  head  gear  fixed  upon  the  top  of  them. 

The  ergines  for  pumping  and  winding  during  sinking 
operations  were  placed  upon  timber  foundations  some  50 
yards  away  from  the  pit.  The  drums  used  in  this  sinking 
were  composed  of  cast  iron  segments,  of  J  about  four  feet 
deep,  eight  to  ten  of  them,  according  to  the  diameter,  form- 
ing the  circle.  The  metal  was  If  inches  thick,  and  the 
flanges  5  inches  deep  from  front  to  back.  The  circular 
flanges  had  6  bolt  holes,  and  were  strengthened  by  a  good 
bracket  between  each  of  them.  The  upright  flanges  had  5 
bolt  holes,  between  each  of  which  a  strengthening  rib  ran 
from  side  to  side  of  the  segment,  coming  flush  up  with  the 
flanges.  The  segments  were  bolted  together  with  bolts  an 
inch  in  diameter,  soft  wood  ^  inch  liners  making  the  joint. 
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The  leading  round  of  each  drum  was  bevelled  at  the 
bottom  edge  to  about  f  of  an  inch  thick,  forming  what  is 
generally  known  as  a  cutter. 

Wet  quicksand  having  been  met  with  at  9  feet  from  the 
surface,  it  was  decided  to  commence  running  the  drums  at 
once.  The  cutting  round  was  therefore  placed  in  position, 
and  held  by  means  of  iron  hangers  1|  inches  in  diameter, 
upon  the  upper  ends  of  which  were  chased  a  long  screw 
thread.  These  passed  through  the  timbers  provided  for 
hanging  purposes,  and  which  have  been  before  described* 
Large  square  nuts,  upon  good  wrought  iron  washers,  held 
the  hangers  in  their  places.  The  nuts  were  now  slackened, 
and  the  drum  forced  into  the  sand  for  about  3  feet,  and 
built  up  to  12  feet  long,  each  roimd  of  castings  break- 
ing joint  with  the  one  before  it.  The  drum  was  kept 
straight  by  means  of  the  hangers,  ihoee  being  held  tight  on 
the  side  which  was  shown  by  plumb  lines  hung  from  the 
flanges  to  be  the  lowest.  It  was  soon  found  that  the  weight 
of  the  castings  alone  was  insufficient  to  cause  the  drum  to 
sink  further  into  the  sand.  Extra  weight  was  therefore 
added,  and  the  cutter  now  reached  a  depth  of  16  feet  from 
the  surface.  The  sand  had  been  allowed  to  remain  about 
7  feet  deep  in  the  pit,  and  we  commenced  to  fill  a  portion 
of  this  out,  as  the  drum  seemed  wedged  fast.  When 
about  3  feet  had  been  cleared,  sand  and  water  rapidly  filled 
up  the  shaft  for  11  feet.  This  drum  had  a  length  of 
20  feet,  and  had  reached  a  depth  of  18  feet ;  this  was 
increased  to  20  feet,  the  sand  being  kept  out  to  within  6 
feet  of  the  cutter.  It  now  boiled  up  again  in  large 
quantities,  and  in  a  very  short  time  had  risen  up  the  castings 
to  a  depth  of  13  feet,  and  caused  several  of  the  holes  through 
which  the  hangers  were  secured  to  break  out,  which  allowed 
the  drum  to  cant  over  considerably.  The  weight  was  eased 
on  the  lower   and  placed   upon   the  higher  side,  and  the 
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castings  gradually  brought  over  to  the  perpendicular  again. 
The  sand  and  water  now  became  exceedingly  troublesome, 
often  rising  in  pushes  of  from  6  to  10  feet  at  a  time.  The 
drum  was  forced  down  to  a  depth  of  25  feet  from  the  sur- 
face, when  we  were  again  driven  back  by  the  sand  about  17 
feet.  Several  of  the  segments  were  now  cracked,  and  the 
bolts  were  continually  breaking. 

A  fresh  drum  was,  therefore,  placed  in  the  inside  of  the 
last  one,  and  run  without  much  difficulty  to  a  depth  of  39 
feet  4  inches  from  the  surface ;  but  the  sand  again  suddenly 
rose,  and  filled  up  the  shaft  for  20  feet.  This  drum  was 
lengthened  to  40  feet,  and  would  weigh  alone  between  60 
and  60  tons.  The  hanging  beams  and  head  gear  were 
placed  upon  the  top  of  it,  and  all  the  available  space  inside 
weighted.  The  beams  were  mined  under  the  ends,  care 
being  taken  to  only  just  keep  them  clear,  so  that  if  at  any 
time  the  drum  showed  signs  of  canting  over  the  beams  could 
be  packed  under,  and  its  progress  arrested  by  the  application 
of  the  hangers.  Jacks  were  also  applied  to  the  top  of  the 
drum,  forcing  against  the  first  one.  The  total  weight  now 
acting  to  force  down  this  drum  could  not  be  less  than 
220  tons. 

Even  with  this  weight  the  process  was  very  slow  and 
tedious,  and  when  a  depth  of  45  was  reached  the  sand  again 
filled  up  the  pit  22  feet.  Several  segments  in  this  drum 
were  now  cracked,  and  the  breaking  of  the  bolts  was  an 
every  day  occurrence.  Sinking  operations  were  stopped  for 
some  time  to  enable  us  to  drain  down,  if  possible,  the  head 
of  water  at  the  back  of  the  castings.  When  sinking  was 
begun  again  the  sand  stood  25  feet  up  the  pit,  and  we 
commenced  filling  it  out,  but  could  not  reach  nearer  to  the 
bottom  of  the  drum  than  10  feet,  and  any  attempt  to  do  so 
was  met  with  sand  and  water  rising  to  a  much  greater 
height.     It  was  foimd  that  with  this  depth  of  sand  in  the 
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drum  it  oonld  not  be  moved,  and  alao  that  if  abont  30  feet  of 
water  was  allowed  to  remain  on  the  top  of  the  aa&d  the 
latter  remained  comparatively  quiet.  The  following  plan  to 
deal  with  the  sand  under  these  circumstances  was  thjereftne 
hit  upon,  for  these  frequent  sudden  risings  of  sand,  or 
'^  blows/'  as  they  are  locally  termed,  greatly  endangered  the 
safety  of  the  drum.  The  machine  used  was  of  a  rather 
primitive  character,  but  its  complete  success  must  be  my 
excuse  for  entering  into  a  full  description  of  it : — An  dd 
boiler  flue,  which  was  lying  about,  was  fitted  at  the  bottom 
end  with  clacks,  hinged  in  the  middle.  These  were  held 
horizontally  by  chains  wound  round  a  cross  shaft-,  running 
through  the  tube,  from  side  to  side,  some  4  feet  6  inches 
from  the  bottom.  This  shaft  was  prevented  from  slipping 
round  by  a  catch  which  fitted  on  to  one  end  of  it.  The 
other  end  was  made  square,  to  receive  a  loose  handle.  On 
the  top  of  the  flue  were  riveted  three  sockets,  and  also  three 
chains,  by  which  it  was  atitohed  to  the  winding-rope.  When 
the  top  of  the  tube  was  lowered  to  the  top  of  the  water,  iron 
bars  were  inserted  in  the  sockets,  of  such  length  as  to  allow 
about  6  feet  of  them  to  remain  above  water  when  the 
machine  reached  the  sand.  A  platform  was  placed  in  the 
pit,  and  upon  this  the  workman  stood,  who,  when  the  tube 
had  reached  the  sand,  commenced  shaking  it  from  side  to 
side,  causing  it  gradually  to  sink  to  a  depth  of  some  4  feet. 
The  machine  was  then  wound  out,  the  water  finding  egress 
through  holes  cut  in  the  side  of  the  flue.  The  banking 
wagon  having  been  run  over  the  pit  the  catch  was  knocked 
ofi^,  allowing  the  clacks  to  drop,  and  the  sand  to  fall  out. 
The  clacks  were  now  woimd  up  to  their  proper  position 
by  means  of  the  handle,  the  catch  applied,  and  the  tube  sent 

down  again. 

By  these  means  we  were  enabled  to  considerably  lessen 

the  resistance  to  the  sinking  of  the  drum,  and  succeeded  in 

reaching  a  depth  from  the  surface  of  55  feet. 
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Bolts  in  this  drum  were  now  daily  breaking.  Another  one 
was  ordered,  and  was  run  to  a  depth  of  60  feet  by  means  of 
jacks,  of  the  imited  nominal  power  of  120  tons. 

The  weight  of  this  drum  would  be  about  80  tons.  The 
inside  of  it,  where  possible,  was  weighted  with  bricks  and 
castings,  and  the  whole  forced  down  to  a  depth  of  67  fee^ 
from  the  surface.  The  sand,  which  for  some  time  had 
remained  pretty  quiet,  often  rose  in  considerable  quantities  ; 
but  when  a  depth  of  75  feet  was  gained  all  seemed  still  again, 
and  as  marl  in  the  bore  hole  was  reached  at  66  feet  down, 
and  the  drum  had  for  some  time  required  a  pressure  of  no 
less  than  480  tons  to  move  it,  and  now  ceased  to  run,  we 
considered  that  the  marl  had  been  reached,  and  commenced 
to  pimip  out  the  water,  substantially  propping  the  drum  ag 
it  was  lowered.  Having  got  to  within  15  feet  of  the  cutter 
the  water  was  observed  to  be  rising  rapidly.  It  was  accom- 
panied with  sand,  which,  with  surprising  rapidity,  rose 
34  feet  up  the  castings,  water  rising  to  a  still  greater  height. 
Several  segments  also  broke.  It  was  found  by  boring  that 
the  marl  imder  the  sand  had  a  dip  of  about  1  in  1,  and  that 
the  drum  had  passed  through  a  considerable  thickness  of  it 
on  the  higher  side.  Drum  No.  4  was  now  put  in,  and  as  we 
were  able  to  keep  the  cutter  pretty  free  from  sand  by  means 
of  the  machine  before  mentioned,  a  depth  of  78  feet  was 
reached,  when  the  soft  side  was  piled  out,  and  a  way  cut  for 
the  drum  in  the  hard  marl  on  the  other  one.  The  depth  of 
83  feet  was  reached,  and  good  marl  found  all  round  the 
shaft.  The  sand,  &c.,  was  cleared  out,  and  the  dnmi  made 
up  with  short  castings  about  2  feet  6  inches  long,  and  1  foot 
6  inches  deep,  special  measure  being  taken  for  the  last  piece. 
The  plan  shows  the  manner  of  making  up  the  drimi,  the 
space  between  it,  and  these  pieces  being  firmly  wedged. 
Short  castings  were  carried  to  a  depth  of  89  feet.  The 
sinking  forward  was  now  commenced,  and  the  marl  being 
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strong,  brickwork  was  put  in  in  short  lengths.  The  bricks 
were  12  inches  long,  and  made  taper  to  fit  the  circle.  They 
were  put  in  endways,  and  set  in  Ardwick  lime  and  cement 

Each  ring  was  bolted  to  the  one  above  it  by  bolts  an  inch 
in  diameter,  twenty  of  them  being  used  in  a  round.  When 
a  depth  of  100  feet  had  been  reached,  in  cutting  for  the 
next  length  a  gravel  parting  was  met  with,  out  of  which 
water  oozed  slowly. 

Before  this  could  be  made  good  the  water  burst  throughi 
bringing  with  it  sand,  which  filled  up  the  shaft  for  50  feet, 
10  feet  of  water  remaining  on  the  top  of  it.  On  this  being 
got  down  again  the  brickwork  was  found  to  be  almost 
ground  to  powder.  It  was  now  decided  to  carry  castings 
forward.  At  107  feet  the  marl  commenced  lifting  under 
foot.  Ten  feet  was  bored  down  to  ascertain  the  cause.  We 
were,  however,  forced  to  leave  it.  The  bottom  broke  up, 
sand  rose  47  feet,  and  water  70  feet.  We  got  down  now 
without  any  serious  drawback  to  within  16  feet  of  the 
bottom  of  the  marl.  A  bore  hole  was  put  down,  up  which 
water  rushed,  rising  to  a  height  of  between  80  and  90  feet, 
sand  in  this  case  only  rising  10  feet.  We  got  through  the 
remaining  distance  without  much  difficulty,  with  two  drums 
constructed,  and  run  in  the  same  manner  as  those  previously 
described.  The  metals  were  reached  at  a  depth  of  176  feet 
6  inches,  by  a  pit  11  feet  4  inches  diameter,  the  sinking  of 
which  had  taken  from  July,  1871,  to  January,  1874. 

The  quantity  of  water  met  with  in  the  sinking  of  course 
varied  considerably.  At  the  commencement  it  was  2,100 
gallons  per  hour,  and  during  the  running  of  the  last  or  No.  6 
drum  12,800  gallons  per  hour. 


Mr.  Topping  said  he  had,  unfortunately,  some  expe- 
rience in  sinking  through  quicksand.  One  pit  was  sunk 
through   22   yards  of  quicksand,   with   ^  yards  of  marl 
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between;  and  another  through  31  yards  of  sand  with 
4  yards  of  marL  In  the  sand  they  sank,  on  an  average,  1  yard 
in  12  hours  without  difficulty.  Having  passed  through  the 
marl,  and  penetrated  the  second  sand,  it  was  found  that  the 
marl  pressed  in  with  great  force,  and  turned  up  the  edge  of 
the  cutter  2  feet  from  the  vertical  position.  A  second  curb 
was  then  put  in.  He  thought  it  was  best  not  to  use  cutters 
at  all ;  they  were  merely  a  source  of  weakness,  as  the  chief 
difficulty  lay  in  making  the  bottom  of  the  curb  secure,  and 
other  segments  could  not  be  bolted  on. 

Mr.  Grimshaw  said  in  one  case  he  was  connected  with 
the  pit  was  carried  through  the  sand,  and  4  feet  into  the 
marl.  A  borehole  was  then  put  down  on  to  what  was 
supposed  to  be  the  stonehead.  The  curbs  were  then  secured. 
When  sinking  was  resumed  sand  was  met  with  in  on  one  side 
of  the  pit,  and  came  up.  Piling  was  resorted  to,  and  it  was 
found  that  a  tongue  of  sand  jutted  into  the  marl  on  one  side 
of  the  pit,  but  did  not  continue  across  it.  In  the  same  pit  a 
bed  of  sand  containing  large  boulders  was  met  with,  and 
considerable  difficulty  was  experienced  in  keeping  the  cutters 
vertical. 

Mr.  Martin  said  he  had  seen  sinking  walls  used  in  Ger- 
many instead  of  cylinders,  either  of  timber  or  cast  iron,  and 
had  himself  used  one  for  sinking  through  10  or  12  yards  of 
quicksand.  The  brickwork  is  built  on  a  crib  of  timber  or 
iron,  provided  with  a  cutter  on  the  outer  edge,  and  is  built 
up  every  5  or  6  feet  as  the  wall  sinks.  It  is  all  firmly 
bolted  down  to  the  crib,  the  outer  side  being  lined  with  inch 
or  inch  and  quarter  deals  to  facilitate  its  sliding  down.  The 
manipulation  is  similar  to  cases  where  cast  iron  cylinders  are 
used.  40  to  50  yards  of  quicksand  have  been  successfully 
penetrated   with   large   shafts  by   such   means,   the   walls 
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rarrix^  from  'Jf  ie^  to  4  feec  in  thifknem.  Dredging  by 
2i<:sari>  of  <ro:i?  fra£.Tis>^  .^r  leather  bags  fastened  to  demi- 
cirr-aLftr  <n:^E:!>  a:  the  end  of  long  poles,  bas  also  been 
^T'aZiTJiL^AisHj  a^sed  where  the  sand  was  rerr  quick. 
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yarjring  from  2|  feet  to  4  feet  in  thiekneis.  Dzedging  by 
means  of  strong  canvass  or  leather  bags,  fastened  to  semi- 
circular cutters  at  the  end  of  long  poles,  has  also  been 
advantageously  used  where  the  sand  was  very  quick. 
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TRANSACTIONS 

OF  THE 

MANCHESTER  GEOLOGICAL  SOCIETY. 

Paet  IX.  Vol.  XTV.  Session  1876-7. 


At  the  Ordixart  Meeting  of  the  members,  held  at  the 
House  of  the  Literary  and  Philosophical  Society,  George 
Street,  on  Tuesday,  27th  February,  1877 ; 

Professor  W.  Boyd  Dawkins,  M.A.,  F.R.S.,  President, 

in  the  Chair. 

Mr.  Thomas  Meyrick  Yates,  Park  Hall  Colliery,  Horwich 
Junction,  near  Bolton,  was  elected  an  ordinary  member  of 
the  Society. 


ON    THE   FREQUENT    ALTERATION    OF   CALCAREOUS 

FOSSnJFEROUS    SANDS    TO    UNFOSSILIFEROUS 

BEDS,  BY  THE  INFILTRATION  OF  WATER. 

By  a.  W.  Waters,  F.G.S. 


When  in  Brussels,  a  few  years  ago,  M.  Ernest  Vanden 
Broeck  pointed  out  to  me  some  very  important  and  clear 
cases,  notice  of  which  he  has  since  published,  together  with 
a  notice  from  M.  G.  Dewalque,  in  the  '^ Annales  de  la  Society 
Geologique  de  Belgique,"  tom.  L,  1874.  He  shows  that 
the  greenish  yellow  unfossiliferous  sand  overlying  the  cal- 
careous sands  full  of  f oraminif era  and  other  fossils  at  the 
base,  is  caused  by  acid  water  superficially  dissolving  out 
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the  calcareous  matter,  and  staining  the  sand  by  the  con- 
tained iron. 

Here  the  altered  beds  lie  irregularly  on  the  f ossiliferous 
sands,  and  have  been  described  by  most  of  the  leading 
geological  authors  (among  others,  Lyell)  who  have  written 
on  the  Belgium  tertiaries,  as  being  Laekenien  (Barton  clay) 
deposited  upon  Bruxellien  (Bracklesham  beds),  which  it  was 
supposed  had  been  much  denuded ;  and  this  has  led  to  the 
fossil  fruit  beds  being  classified  as  younger  than  they  should 
be,  as  these  and  other  vegetable  remains  do  not  disappear 
with  the  infiltration  of  the  water,  and  indeed,  in  some  cases, 
they  are  silicified. 

The  false  interpretation  of  these  unf ossiliferous  sands  has 
led  to  incorrect  stratigraphical  conclusions,  and  to  very  false 
views  on  the  changes  which  took  place  in  the  Belgium 
tertiaries;  for  instead  of  erosion  having  removed  some  of 
the  deposit  in  the  Bruxellien  period,  the  beds  were  steadily 
formed  without  any  apparent  break. 

Since  the  paper  on  these  Brussels  beds,  M.  Vanden  Broeck 
has,  in  "  Esquissc  Geologique  et  Pahcontologique  des  depdts 
pliocenes  des  environs  d'Anvers,"  1876,  shown  that  the  same 
phenomena  occurs  frequently  in  the  North  Belgium  pliocene, 
where  it  has  been  interpreted  in  the  same  way  as  indicating 
great  erosion.  And  the  same  author,  in  a  paper  the  abstract 
of  which  is  published  in  the  "  Comptes  Rendus,"  Jan.,  1877, 
has  pointed  out  that  the  diluvium  rouge  and  the  diluvium 
gris  are  merely  modifications  of  the  same  beds.  And  in 
two  papers  read  before  the  Geological  Society  of  London, 
Nov.  8th,  1876,  and  just  published  in  the  new  number  of 
the  Journal  of  Messrs.  W.  Whittaker,  S.  V.  Wood,  Jun., 
and  F.  W.  Harmer,  show  "  that  what  had  been  taken  to  be 
an  irregular  line  of  erosion  between  a  certain  unfossiliferous 
sand  and  the  shelly  Red  Crag  in  Suffolk,  was  really  a  line  of 
dissolution  of  shell,  the  sand  being  simply  Red  Crag  deprived 
of  its  fossils  through  the  percolation  of  water." 


189 


It  is  most  important  that  every  geologist  in  the  field 
should  «keep  such  facts  in  view,  and  not  too  readily  pro- 
nounce extensive  denudation^  and  form  unnecessary  division 
of  the  strata. 


THE  EFTON  RHYN  COAL  BEDS  IN  SHROPSHIBE. 


^r.  Dickinson  said  he  observed  by  the  last  Quarterly 
Journal  of  the  Geological  Society  of  London^  that  Mr. 
D.  C.  Davies,  F.G.S.,  of  Oswestry,  had  read  a  very  elabo- 
rate paper  on  the  position  of  the  coal  field  at  Ifton  Bhyn, 
Shropshire.    Some  time  ago,  the  subject  had  been  bnAight 
under  the  notice  of  the  Manchester  Geological  Society,  in  a 
paper  under  the  name  of  ''Coal  Beds  in  the  Permian ;'' 
and,  in  his  more  recent  paper,  Mr.  Davies  adhered  to  the 
view  formerly  expressed,  that  all  these  coal  seams  were  in 
the  Permian.    Mr.  Davies  had  gone  into  great  detail,  and 
his  paper  was  accompanied  by  a  number  of  exceedingly 
nseful  sections.      He  had  tabulated  them,  taking  as  his 
datum  line  the  spirorhk  limestone.     To  a  great  extent,  he 
believed,  they  were  correctly  tabulated;  but  the  Ifton  Bhyn 
section  was,  he  (Mr.  Dickinson)  had  no  hesitation  in  saying, 
incorrectly  placed.    No  discussion  seemed  to  have  arisen  on 
Mr.  Davies'  paper — at  any  rate,  if  there  was  any  it  was  not 
recorded.    This  was  imfortunate,  because  Mr.  Davies  had 
taken  a  wrong  datum  for  the  whole  coal  field.    In  the  first 
place,  he  did  not  give  more  than  one-half  the  thickness  of 
the  coal  field  that  there  should  be.     There  was  very  little 
question  but  that  the  North  Wales  coal  field  was  connected 
with  the  Lancashire  and  also  with  the  North  Staffordshire 
coal  field,  imdemeath  the  overlying  Permian  and  new  red 
sandstone.     The  whole  ground  for  his  placing  the  Ifton 
Bhyn  section  in  that  table,  was  that  he  had  found  spirorbis 
fossils  in  some  calcareous  beds,  not  far  from  Wynnstay. 
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FoBsils  were  a  very  useful,  but  not  an  infallible  guide,  and 
he  (Mr.  Dickinson)  was  sorry  that  Mr.  Davies  should  have 
been  misled  with  regard  to  the  position  of  that  field,  as  he 
had  been,  simply  through  taking  fossils  as  his  sole  data,  and 
not  being  guided  by  a  broader  view  of  the  great  thickness  of 
the  coal  field,  which  would  have  kept  him  right.  What 
Mr.  Davies  had  taken  as  the  Permian  was  simply  one  of  the 
beds  of  red  ground  which  were  to  be  seen  on  the  top  of  the 
North  Wales  coal  field  and  in  the  middle  of  the  North 
Stafibrdshire  coal  field,  and  such  as  are  to  be  found  in  the 
Lancashire  coal  field. 

The  President  said  he  was  sure  no  one  was  better 
qualified  to  give  an  opinion  than  Mr.  Dickinson  on  a  point 
of  that  sort.  He  he  would  like  Mr.  Dickinson  to  be  good 
enough  to  state  with  what  division  of  the  coal-measures  he 
identified  this  particular  bed.  Did  he  consider  it  upper,  or 
lower,  or  middle  ? 

Mr.  Dickinson  said  that  in  his  opinion  the  Ifton  Bhyn 
Coal  Field  is  the  lower  portions  of  the  upper  coal  field  of 
North  Stafibrdshire,  but  which  was  denuded  in  the  North 
Wales  Coal  Field. 

The  President  said  the  spirorhk  fossils  were  widely  spread 
in  the  coal  measures,  and  the  fact  of  finding  them  certainly 
in  any  given  strata  would  not  fix  the  age  of  the  strata  with 
any  great  precision.  The  spirorbis  was,  he  believed,  found 
as  low  down  as  the  lower  coal  measures. 


IRISH  DRIFTS. 
By  G.  H.  Kinahan,  M.R.I.A.,  &c. 


The  drift  question  is  a  subject  more  or  less  studied  by 
geologists,  therefore,  a  resume  of  what  is  known  about  the 
Irish  drifts  may  be  of  interest  to  the  members  of  the 
Society. 
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In  Ireland  the  drifts  may  be  classed  as  Glacial,  Aqueous 
and  Meteoric.  The  Glacial  has  been  divided  into  the 
Boulder-day-drift  and  the  Moraine-drift.  The  Aqueous  may 
be  Marine^  Eatuarine,  Lacustrine^  or  Flumatile.  A  marked 
variety  of  the  Meteoric  is  the  ^olian  drift. 

Glacial  Drifts. 

The  Boulder-clai/'drift,  called  Till  in  the  province  of 
Ulster,  has  a  more  or  less  clayey— often  limey  matrix — ^in 
which  are  imbedded  irregularly,  striated  polished  and 
etched  blocks  and  fragments,  principally  of  the  rocks  in  the 
vicinity  but  also  associated  with  many  pieces  of  foreign  rocks. 
In  places  it  may  contain  irregular  pockets,  patches,  and  chan- 
nels of  fine  sand  or  gravel.  It  is  supposed  to  have  resulted 
from  the  general  glaciations  of  Ireland,  during  the  time  of 
the  Ice  cap  on  the  Northern  Hemisphere.  The  Moraine-drift 
has  a  sandy-clayey  matrix  containing  angular  or  sub-angular 
partially  ice-dressed  blocks  and  fragments  of  the  local  rocks, 
foreign  rock  fragments  being  of  rare  occurrence.  It  is 
only  found  in  the  groups  of  hills,  or  in  their  immediate 
vicinity ;  and  when  in  the  latter  position  it  often  overlies 
the  Boulder-clay-drift.  Between  these  newer  and  older 
glacial  drifts  it  is  rare  to  find  any  aqueous  drifts,  and  when  they 
do  occur  they  are  generally  not  more  than  a  few  inches  thick, 
and  rarely  exceeding  two  or  three  feet.  They  are  usually  fine 
sand  or  laminated  clay  (book  or  leaf-clay).  Of  the  Moraine- 
drift,  there  is  a  remarkable  rocky  variety,  that  occurs  in 
irregular  hummocks,  having  in  it,  and  on  it,  large  angular 
blocks  of  rocks,  often  tons  in  weight.  The  Moraine-drifts 
are  supposed  to  have  been  formed  by  local  system  of  glaciers 
in  the  different  groupes  of  hills,  whilst  the  Rocky-moraine- 
drift  is  very  similar  to  Clarence  King's  description  of  the 
drift,  he  found,  on  the  dying-out  glaciers  of  the  West  Pacific 
elopes.  Local  systems  of  glaciers  seem  to  have  existed 
among  the  hills  during  the  time  of   the   300   feet  sea 
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(JEskef'  sea),  while  in  the  West  Cork  hills  and  in  the  "Wicklow 
hiUs  they  seem  to  have  lasted  much  longer^  propably  to  the 
the  time  of  the  109  feet  sea.  To  these  seas  we  will  refer 
hereafter. 

Aqueous  Drifts. 

The  sea-formed  or  Marine  drifts  of  Ireland  are  interest- 
ing and  important,  as  they  include  the  remarkable  ridges 
(Celtic  Eskers)  so  characteristic  of  the  central  plain  of 
Ireland.  Of  the  existence  of  Preglacial  marine  drifts  there 
are  no  positive  proofs.  Usually  the  Boulder-day-drift  is 
foimd  resting  on  grooved,  striated,  polished,  and  etohed 
surfaces  of  rock ;  but  Pump-sinkers  say  that  on  some  ooca- 
sions  they  find  sands  and  gravels  intervening.  These  must^ 
however,  be  very  local,  as  in  the  miles  of  railway  and  other 
cuttings  that  have  been  examined  by  the  officers  of  the 
Geological  Survey  of  Ireland,  they  were  only  found 
on  one  or  two  occasions,  and  then  in  such  positions 
that  possibly  they  were  tn^raglacial  not  j»r^glacial.  Among, 
and  on  the  hills  of  the  Queen's  County,  Tipperary, 
Clare,  Galway,  and  Derry,  we  have  observed  gravels 
apparently  marine ;  sometimes  imder  typical  Boulder-clay- 
drift,  but  more  often  under  Moraine-drift ;  the  latter 
evidently  are  intraglacial,  while  the  others  possibly  may  be 
preglacial. 

A  very  common  marine  drift  among,  and  in  the  vicinity 
of  the  groups  of  hills,  is  a  Qlacialoid-driji.  This  is  a 
boulder-drift,  made  up  of  very  similar  materials  to  one  or 
other  of  the  glacial-drifts,  but  always  having  a  distinct  strati- 
fication ;  the  materials  of  which  it  is  composed  having  been 
re-arranged  by,  and  deposited  in  water.  This  Glacialoid 
drift  seems  to  be  marine,  on  account  of  its  extending  over 
large  areas  ;  in  some  places,  however,  it  may  be  lacrustrina 
Usually  it  is  made  up  of  the  mixed  debris  of  the  Boulder- 
olay  and  Moraine-drift,  but  in  some  localities  as  in  S. W.  Mayo 
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it  is  diyided  into  two  distinct  members ;  the  lower  drift 
being  the  debris  of  the  Boulder-clay,  while  above,  over  a 
denuded  surface  of  the  first,  and  often  having  parting,  or 
thin  beds  of  fine  sand  and  book  clay  between,  is  a  drift 
made  up  of  the  debris  of  the  Moraine-drift. 

The  marine  drifts,  that  are  undoubtedly  postglacial,  may 
be  divided  into,  the  accumulations  formed  when  the  sea  was 
about  the  300  feet  contour  line  (Esker  Sea);  when  the  sea 
margin  rested  for  a  time  at  about  the  100  feet  contour  line  ; 
when  the  sea  rested  for  a  time  at  about  the  25  feet  contour 
line ;  and  more  recent  drifts.  This  brings  us  to  the  subject 
of  ''Baised  beaches;"  the  last,  however,  is  too  extensive  to 
be  discussed  here,  we  will  therefore,  confine  ourselves  to  a 
description  of  the  drifts.  The  '^  Esker  Sea"  drifts  are 
found  in  the  country  below  the  300  feet  contour  line,  or 
about  under  that  level,  as  the  sea  margin,  similarly  to  that  of 
the  present,  sea,  varied  in  height.  The  margin  of  the  Esker 
Sea  will  be  found  in  places  in  the  hills ;  sometimes  as  a  shelf 
cut  in  their  sides,  at  other  times  as  a  beach  accumulation. 
It  is  extremely  well  marked  in  parts  of  Tyrone  and  Deny, 
forming  circles  of  gravel  and  sand  round  the  isolated  drift 
hiUs  so  common  thereabout.  This  has  induced  tyros  in  the 
Irish  drift,  to  class  these  beaches  as  ''  middle  gravels,"  {i.e., 
marine  gravels,  marking  a  brake  in  the  glacial  period,)  as 
they  supposed  the  sands  extend  horizontally  through  the 
drift  hiUs.  If,  however,  they  had  examined  the  numerous 
railway  and  other  cuttings  through  the  drift  hills,  they 
would  have  found  that  such  gravels  only  margin  the  drift 
hills,  but  never  extend  into  them. 

In  some  places  on  the  low  ground  the  Esker  Sea  drifts 
are  spread  out  in  undulating  sheets,  as  in  the  County  of 
Kildare.  In  places  in  these  sheets,  there  is  fine  gravel  and 
sand  under  a  shingly  gravel.  Such  sections,  however,  seem 
only  to  be  found  in  narrows ;  like  that  in  the  valley  of  the 
Nore,  at  the  City  of  Kilkenny.    This  is  easily  accounted  for ; 
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as  when  the  waters  were  deep  and  broad|  there  were  fine 
deposits  accnmnlating ;  but  as  it  shallowed  and  narrowed, 
the  current  became  more  rapid  and  the  deposit  coarser. 

In  many  places  in  the  central  plains,  between  the  100  and 
250  feet  contours  lines,  sands,  gravels,  and  shingles  are 
piled  up  in  ridges,  or  Eskers.  These  are  best  exemplified  in 
the  plain  between  Ghdway  and  Dublin.  The  formation  of 
the  Eskers  is  a  disputed  subject,  but  ktely  ebewhere,* 
it  has  been  suggested  that  they  are  modifications  of  the 
banks  and  shoals  which  accumulate  at  the  colliding  and 
dividing  of  the  "  Flow "  tide  currents  of  the  Esker  Sea, 
similar  to  those  that  are  found  in  the  seas  round  Great 
Britain  and  Ireland.  In  the  Irish  Sea,  in  the'^vicinily 
of  the  Isle  of  Man,  there  is  a  meeting  of  the  north 
and  south  "Flow"  tide  waves,  or  a  "Head  of  the  tide." 
Here  the  waves  meet  and  neutralize  one  another;  in 
one  place  forming  a  mass  of  currentless  water,  that  "  rises" 
and  "falls,"  and  deposits  thereabouts  silt  and  such  like 
materials.  The  other  "  Heads  of  the  tide,"  in  these  seas  are 
south  and  east  of  England ;  in  the  Straits  of  Dover,  and 
between  Norfolk  and  Holland.  In  these  places  there  are 
difierent  results,  as  there  the  "  Flow  "  tide  waves  collide  and 
pass  one  another,  for  greater  or  less  distances  ;  and  at  their 
edges,  or  the  junctions  of  the  difierent  currents,  long  banks  of 
gravel  and  shingle  accumulate.  It  is  also  found  that  long 
banks  of  gravel  and  shingle  may  form  at  the  dividing  or 
spliting  up,  of  the  "Flow"  tide  wave.  This  is  exemplified 
off  the  south-east  coast  of  Ireland.  From  Greenore  Point 
a  main  current  runs  northward  up  the  Irish  Sea,  while 
secondary  currents  branch  off  into  Wexford  Bay,  and  at 
the  junction  of  this  current,  with  the  main  current,  there 
are  long  banks  between  Greenore  and  Wicklow  Head* 
Similar  results  should  have  occured  in  the  Esker  Sea. 


*  *  •Irish  Drift,  Eakor  Sea,"  read  before  the  Koyal  Geological  Society,  Ireland« 
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The  flow  tide  wave  entering  at  Gal  way  should  have  sent  a 
main  current  eastward  to  the  coast  between  Drogheda  and 
Dublin ;  while  soufch  of  this  current  there  would  be  a  bay 
somewhat  similarly  circimistanced  to  Wexford  bay,  off 
which  banks  should  form  between  Galway  bay  and  the 
Dublin  mountains,  that  is,  in  the  line  of  country  the 
principal  eskers  occupy.  The  various  details  and  compli- 
cations in  the  eskers  in  this  tract  of  country  can  be  explained 
either  by  the  colliding,  or  the  meeting  of  the  "  Flow  "  tide 
currents  branching  from  the  main,  with  those  coming  through 
the  straits;  as  also  the  different  eskers  in  the  country  to  the 
north  of  the  main  current ;  such  details,  however,  woidd 
occupy  too  much  space  if  fully  entered  into.  Drift  deposit  at 
the  "  heads  of  tides,"  similar  to  that  in  the  \TLcinity  of  the  Isle 
of  Man,  can  also  be  observed  in  places;  as  in  S.  E.  Wexford, 
where  the  esker  drift  is  represented  by  large  accimiula- 
tions  of  fossiliferous  fine  sand,  marl,  and  clay  ;  also  in  some 
of  the  valleys  further  north ;  while  in  the  County  Dublin, 
there  are  thick  beds  of  brick-clay  in  the  esker  drift.  As  the 
Esker  sea  shallowed  these  banks  necessarily  would  be  more  or 
less  denuded  and  modified  into  narrow  ridges,  as  may  be  seen 
in  many  places  in  those  portions  of  shoals  and  banks  that  are 
"  awash."  Similarly  the  eskers  par  excellence  of  Scotland 
could  be  accounted  for.  I  do  not,  however,  allude  to  all  the 
drifts  called  Karnes,  as  under  that  head  have  been  described 
ridges  of  marine,  lacustrine,  fluviatile,  and  meteoric  drifts. 

Some  observers  question  the  marine  origin  of  the 
eskers,  on  accoimt  of  the  paucity  of  fossils  found  in 
them ;  also  on  account  of  the  number  of  ice-dressed  frag- 
ments. But  in  many  similar  accumidations  formed  by  the 
sea  at  the  present  day  fossils  are  rare,  as  the  nature  of  their 
formation  and  the  materials  they  are  composed  of,  are 
adverse  to  the  preser\'ation  of  fossils.  The  old  drifts  they 
were  formed  from  were  principally  glacial,   consequently, 
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many  of  the  fragments  in  them,  especially  near  the  old 
drifts,  ought  to  be  ice  marked.  In  no  esker,  however,  are 
found  fragments  that  have  not  also  the  marks  of  subse- 
quent water  action ;  similarly  it  might  be  said ; — all  recent 
accumulations  that  contain  ice-marked  fragments  are  glacial; 
some  of  the  recent  estuarine  accumulations  contain  between 
50  and  75  per  cent,  of  glacial  marked  fragments. 

The  marine  drifts  more  recent  to  those  of  the  "Esker  Sea*  * 
period  are  similar  to  the  older  drift,  being  rearranged  glacial^ 
marine,  or  meteoric  drifts ;  consequently  no  definite  rule  can 
be  laid  down  for  distinguishing  the  older  from  the  newer, 
except  the  heights  at  which  they  occur.  But  in  the  valley 
of  Lough  Corrib,  north  of  Galway,  there  is  a  distinction, 
as  the  newer  gravels  are  principally  made  up  of  granitic 
gravels,  and  sands,  while  the  older  are  more  or  less  limestone 
gravels.  In  this  valley  there  is  a  long  esker,  which  seems 
to  have  l)een  piled  up  by  the  colliding  of  the  tidal  "  flow  ** 
waves  that  entered,  respectively,  through  Galway  and  Kil- 
kierin  bays,  during  the  time  of  the  100  feet  sea.  Terraces 
of  the  newer  marine  drift  that  accumulated  when  the  sea 
stood  for  a  time  respectively  at  about  the  100  and  25  feet, 
contour  lines  are  well  marked  in  places  on  all  the  east  coast 
of  Ireland  and  in  the  associated  valleys ;  also  in  the  valleys 
of  the  Slaney,  Barrow,  Nore,  Suir,  and  Blackwater ;  and  to 
the  west,  especially  in  the  valleys  of  Galway  and  Mayo. 

The  Esttiarine  drift,  although  marine,  is  put  in  a  distinct 
class  on  account  of  its  partaking  in  part  of  the  nature  of 
lacustrine  and  fluviatile  drifts;  while  it  is  very  different 
to  those  accimiulated  in  the  open  sea,  also,  it  often  contains 
terrestrial  and  fresh  water  fossils.  The  latter  always  are 
well  washed,  sorted,  and  water-worn,  while  the  estuarine 
drifts  may  be  nearly  similar  to  the  drifts  of  which  they  are 
the  debris,  some  being  scarcely  distinguishable  from  glacial 
drifts,  while  many  are  more  or  less  clayey  or  marley.     No 
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pre-glacial  estuarme  drift  has  been  found.  In  the  Queen's 
C!ounty  portion  of  the  Castlecomer  tableland,  in  the  New- 
town Colliery,  an  intra-glacial  peat  was  found  by  Mr.  B.  B. 
£dgey  that  probably  is  estuarine,  as  the  gravel  associated 
with  it  contained  marine  fossils. 

The  port-glacial  estuarine  drifts  occur  in  many  valleys, 
being  respectively  of  the  age  of  the  Esker  (300  feet),  100 
feet,  25  feet,  and  more  recent  seas.     Plains  of  estuarine 
drifts  are  often  miscalled  "  river  gravels,"  they  being  sup- 
posed to  have  been  formed  by  the  rivers  that  flows  in  them. 
A  little  consideration,  however,  will  show  the  error  in  such 
a  supposition.     All  estuaries,  but  especially  those  that  are 
long  and  narrow,  which  was  a  very  general  character  during 
the  time  of  the  Esker,  100,  and  25  seas,  form  two  distinct 
terraces;  one  nearly  horizontal,  that  marks  the  shore  or 
I^argin  of  the  estuary ;  and  the  other  sloping  more  or  less 
froni  the  tidal  strand  at  the  head  of  the  estuary  to   its 
mouth,  the  latter  being  the  bottom  accimiidation.     If  the 
land  rose  the  bottom  accumulation  would  form  a  sloping 
plain  with  a  river  flowing  through  it.     This  plain  is  said  to 
have  been  formed  by  the  river,  because  it  slopes  with  it  and 
because  the  fossils  may  be,  for  the  most  part,  terrestrial  or 
fresh  water.     Rivers,  however,  rarely  form  a  sloping  plain ; 
as  the  floods  form  ridges,  knolls,  and  other  irregular  accumu- 
lations in  the  valley.    Furthermore,  fossil  rarely  are  deposited 
in  river  accumulation,  as  they,  generally,  are  carried  down  by 
the  floods  to  the  lakes,  estuaries,  or  other  still  waters.  In  Ire- 
land fluviatile  action  has  in  general  added  a  little  to  the 
surface  of   the  estuarine   plains ;   or  during  floods   in  the 
ipoimediate  vicinity  of  the  river  channel,  parts  of  the  flats 
may  be  cut  away,  and  the  materials  be  re-arranged,  but  all 
the  extensive   flats  adjoining   the   rivers    were   originally 
formed  by  the  waters  of  estuaries  or  lakes. 

In  the  Slaney  River  valley  these  estuarine  drifts  are  well 
seen ;  those  belonging  to  the  25  feet  sea  being  found  up  the 
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valley  to  about  half-way  between  Enniscortliy  and  New- 
townbarry ;  the  drift  of  the  100  feet  sea  to  Clonegal,  in  the 
County  Carlow  ;  and  those  of  the  Esker  sea  nearly  to  Strat- 
ford, in  the  County  Wicklow.  During  the  latter  time  a  bar 
of  drift  formed  east  of  TuUow,  in  the  County  Carlow ;  this 
diverted  the  waters  into  the  valley  at  Clonegal,  through  the 
Carlow  and  Wicklow  hills ;  as  prior  to  that  time  the  upper 
part  of  the  valley  of  the  Slaney  seems  to  have  belonged  to 
the  watertable  of  the  Barrow. 

There  are  also  estuarine  accumulations  that  were  deposited 
betweeen  the  time  of  the  100  and  25  feet  sea  beaches ;  these 
are  now  submerged  30  or  more  feet  below  the  present  sea 
levels.  Such  accimiulations  seems  to  consist  principally  of 
marl,  clay,  sand,  and  peat.  Some  of  the  estuarine  deposited 
like  those  in  the  estuary  of  the  Shannon  are  remarkable 
from  the  quantities  of  bones  of  the  Megaceros  Hibernian 
and  other  terrestrial  animide  found  in  them.  Many  of  the 
estuarine  accumlation  that  contain  ice  worked  fragments, 
have  erroneously  been  called  *'  Upper  Glacial  Drift,"  the 
associated  estuarine  gravels  being  called  ''Middle  gravels." 

Of  the  drifts  due  to  lakes  or  the  Lacustrine  drift,  some  arc 
said  to  be  preglacial.  In  the  province  of  Ulster,  in  the 
Lough  Neagh  basin,  there  are  plaustic  clays  and  sands 
associated  with  beds  of  lignytc  and  silicificd  wood,  which 
Mr.  E.  T.  Ilardman  estimates  to  be  at  least  500  feet  thick, 
some  of  the  beds  containing  terrestrial  and  fresh  water 
fossils.  These  accumulations  in  places  rest  on  the  Tertiary 
Doleryte  of  the  coimtry,  and  are  said  to  have  been  found 
under  the  "  Till."  The  latter,  however,  does  not  appear  to 
me  to  be  satisfactorily  proved,  as  the  natives  of  the  country 
called  the  drift  on  it  "  Bastard  Till,"  and  what  I  saw 
appeared  to  be  re- arranged  or  glacialoid  drift.  There  is, 
however,  such  a  great  thickness  of  the  clays,  &c.,  that  possibly 
part,  at  least,  of  the  accumulation  may  be  intraglacial.  It 
seems  evident  that  at  one  time  the  water  from  this  lake  either 
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flowed  southward  into  Carlingford  Lough,  or  south-eastward 
into  Belfast  Lough,  and  that  subsequently,  drift  accumulation 
changed  the  direction  of  the  flow,  and  forced  the  water  to 
run  northward ;  at  what  time  this  stoppage  occurred  has  not 
been  proved. 

Near  Cahir,  county  Tipperary,  there  is  a  small  deposit  of 
plaustic  clay,  sands,  and  lignyte,  that  seems  to  be  intra- 
glacical,  while  in  the  same  county,  near  Nenagh,  Mr. 
Wilkinson  has  found  an  intraglacial  peat  that  probably  is 
lacustrine.  In  the  Boleyneendorrish  river  valley,  near  Gort, 
county  Galway,  there  are  plant  beds  and  clays  imder  glacial 
drift ;  the  latter  are  probably  lacrustrine,  and  evidently  intra^ 
glacial. 

The  sites  of  post  glacial  lakes  are  numerous,  but  most  of 
them  are  now  filled  by  deep  accumulations  of  peat  and  marL 

In  places  in  the  glacial  drift  are  sinuous  channels  with 
branches  from  them,  filled  with  fluviatile  shingle,  gravel,  and 
sand.  Such  channels  probably  were  formed  by  rivers,  that, 
as  Dana  suggests,  flowed  imder  or  in  the  ice.  The  post 
glacial  fluviatile  drift  occurs  in  the  mountain  valleys  and  in 
the  low  valleys  associated  with  the  ancient  estuarine  gravels. 
It  is  remarkable  in  connection  with  the  Irish  rivers  that  not 
one  of  the  larger  ones  forms  a  delta  at  the  sea ;  most  of  the 
d^ia  brought  down  by  them  being  deposited  along  their 
courses,  so  that  the  margin  of  the  channel  of  many,  is  higher 
than  the  flat  through  which  they  flow. 

Some  of  the  fluviatile  drifts  occur  under  deep  accumida- 
tions  of  meteorical  drift ;  this  seems  to  be  the  case  of  the 
•*Gk)ld  sand''  of  the  County  Wicklow.  As  before  stated 
the  glaciers  seem  to  have  continued  longer  among  the 
Wicklow  hills  than  in  most  of  the  other  Irish  hill  groups. 
This  is  surmised,  because  in  the  Ovoca  valley  the  Esker  sea 
gravels  do  not  appear  to  occur.  There  are  some  gravels  that 
possibly  may  belong  to  the  100  feet  sea,  but  the  25  feet  and 
newer  estuarine  gravels  are  well  represented.    Higher  up 
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gravels  of  different  origins,  some  possibly  of  the  age  of  the 
Esker  sea ;  these,  however,  have  still  to  be  properly  examinecL 
While  the  glaciers  were  disappearing  off  these  hills,  torrents 
rushed  down  the  different  ravines  forming  drifts,  of  which 
the  very  lower  portions  were  ferriferous  auriferous  sands 
{**  black  sands '') ;  while  the  overlying  sand  and  gravel  con- 
tained many  ice-dressed  blocks,  but  all  more  or  less  water 
worn.  After  the  ice  had  melted  the  torrent  left  the  ravines, 
and  their  sides  weathered  into  slopes,  thus  covering  the 
fluviatile  drift  for  a  greater  or  less  depth  with  meteoric; 
whether  the  gold  drift  extends  under  the  20  feet  estuarine 
drift  of  the  Ovoca  valley  has  not  as  yet  been  proved. 

The  Fluviatile  drift  now  forming  has  produced  deltas  or 
"  srahs  "  in  many  of  the  lake  basins,  also  well-defined  ridges 
and  hills  on  the  estuarine  flats.  The  ridges  seem  due  to 
sudden  and  great  floods  going  through  a  narrow,  or  gorge, 
on  to  a  flat ;  as  similar  ridges  on  a  small  scale  may  be  made 
by  letting  a  rush  of  muddy  water  through  a  doorway  into  a 
room.  Such  sudden  floods  must  have  been  of  frequent 
occurrence  prior  to  the  climate  becomfng  as  temperate  as 
now.  During  the  historical  period,  from  time  to  time  they 
are  recorded  in  the  annals,  and  one  occurred  in  the  Ovoca 
river  as  late  as  March,  1867.  This  flood  was  not  due  to 
heavy  rains,  but  to  a  heavy  fall  of  snow  in  the  highlands. 
This  remained  longer  than  usual,  giving  time  for  lakes  or 
ponds  of  water  to  accumulate  in  the  valleys  behind  the 
snow  drifts.  When  the  thaw  came  these  lakes  burst  all 
at  once,  the  water  rising  in  the  valley  from  10  to  15  feet 
higher  than  the  ordinary  excessive  floods. 

Meteoric  Drift. 

The  drifts  due  to  weathering  are  considerable  in  Ireland, 
although  little  notice  has  been  taken  of  them.  As  the  ice 
sheet,  and  subsequently  the  local  systems  of  glaciers,  melted 
away  the  meteoric  abrasions  must  have  been  excessive,  not 
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only  on  account  of  th^  surface  of  the  ground  being  devoki 
of  yegetation,  but  also  on  account  of  the  excess  of  water 
trickling  down  every  slope  of  ground.  Besides  the  drift 
due  to  weathering,  there  are  vast  accumulations  of  JEolian 
or  wind-formed  drift. 

In  portions  of  the  low  lands  in  Ulster  under  tibe  Till,  and 
in  a  few  places  under  the  Boulder-clay-drift  in  Oalway  and 
elsewhere,  there  is  a  greater  or  less  thickness  of  angular 
debris  of  rock,  called  broken  shelf  by  the  miner,  and 
/bundations  or  rubble  by  the  quarryman*  These  seem  to  be 
pre-glacial  meteoric  formations.  In  the  south  of  Ireland, 
especially  in  parts  of  Cork,  Waterford,  and  Wexford,  there 
are  large,  and  in  places  thick,  accumulations  of  an  angular 
drift,  characterised  in  general  for  having  most  of  the  con- 
tained rock  fragments  standing  more  or  less  on  edge.  If 
we  examine  drifts  that  are  in  process  of  formation,  we  find 
that  at  comers  and  curls  in  rivers  the  pebble  may  be  on 
edge ;  and  in  estuarine  deposits  near  the  margin,  in  eddies, 
or  where  slips  of  the  adjoining  cliffs  take  place,  the  pebbles 
are  on  edge ;  and  in  marine  drift  if  a  slip  takes  place  from 
a  cliff,  the  disturbed  drift  may  be  forced  up  on  edge ;  while 
we  may  suppose  that  floating  ice  grounding  on  drift  would 
have  a  similar  effect.  These,  however,  are  all  local  or 
exceptional  cases ;  we  may,  therefore,  believe  that  the  drifts 
just  mentioned  are  meteoric,  formed  wlule  the  ice  was  dieap- 
pearing.  In  the  county  Carlow,  we  find  on  the  hills  near 
Borris,  that  this  drift  is  thin,  but  that  it  thickens  as  we  go 
to  the  base  of  the  hills,  and  that  afterward  it  again  thins,  as 
it  IS  followed  out  on  to  the  estuarine  gravels  of  the  valley  of 
the  Barrow.  In  this  valley  the  meteoric  drift  has  been  called 
erroneously  "upper  glacial  drift,"  and  the  estuarine  gravels 
'' middle  gravels."  In  the  same  county,  but  on  the  north 
slope  of  mount  Leinster,  there  is  a  great  thickness  of 
meteoric  drift,  that  in  one  place  tails  out  over  a  recent  bog, 
from  four  to  five  feet  to  a  few  inches  deep.      On  the 
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meteoric  drift,  and  the  recent  meteoric  drift  ore 
ideDtioal  in  every  particular  with  the  meteoric  drif 
farther  vest  forms  clifia  from  twenty  to  nearly  a  h' 
feet  high.*  A  very  puzzling  variety  of  meteoric  dri 
meteoric  slopes  that  have  been  formed  out  of  the  west 
of  ancient  clifis  of  glacial  drift.  In  artificial  workf 
as  those  for  railways,  after  the  new  ground  has  had  t 
consolidate,  it  is  extremely  difficult  to  point  out  the 
boundary  between  the  old  drift  and  the  artificial 
Similarly  with  these  meteoric  drifts,  it  is  hard  to  disti 
them  from  the  old  drift,  except  that  the  fragments  is 
if  flatish,  have  a  tendency  to  stand  on  edge.  The  eel 
gravels  of  maay  of  the  Irish  river  valleys  are  more 
covered  with  such  talii. 
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Section  of  the    Old  Smbeaches 
Valley  of  the  Barrow. 
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A.  B.  C— Ancient  Marginal  Cliffs. 

a.  y  c. — Meteoric  talii  due  to  the  wiathiriiig  of  the  Old  Cliffs. 

r.  f.  g. — Meteoric  Slopes. 

"  This  drift,  BB  alflo  that  over  tho  limokiln,  contoine  icc-dresaed  fn 
some  of  hard  grit  rotainiog  tho  old  polish  nnd.  etching.  One  of  U 
cfttea  for  tho  "  upper  gladal  drift "  in  Ireland,  provioua  to  being  poi 
Ute  linekilii,  uid  that  the  drift  over  it  wa«  "  undoubtedly  glacial  dri 
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The  accompanying  diagrammatic  section  represents  the 
25  feet,  the  100  feet,  and  300  feet  seas  terraces  in  the 
Valley  of  the  Barrow,  the  distances  between  the  different 
terraces  being  curtailed  to  allow  them  to  fit  into  our  dia- 
gram— ^the  dotted  lines  representing  the  cliffs  prior  to  their 
being  weathered.   The  character  of  the  talus  on  the  *300  feet 
terrace  is  to  be  excessively  similar  to  glacial  drift,  it  being 
the  debris  of  glaeial  drift ;  while  those  over  the  100  and 
25  feet  terraces,  are  more  or  less  a  mixture  of  the  debris 
of  glacial  drift  and  estuarine  gravels,  as  usually  the  upper 
portion  of  the  cliffs  from  which    they  were  formed,    is 
grayeL     The  meteoric  drift  in  both  of  these  slopes  contains 
a    large     percentage    of    ice-dressed    fragments,     often 
polished  and  etched,  and  many  observers  have  classed  them  as 
glacial  drift.      The  depth  of  these  meteoric  drifts  vary, 
their  maximum  depth  being  generally  about  half  the  height 
of  the  original  cliffs.     Such  meteoric  drifts  capping  gravels, 
have  been  called  in  many  places   of  late  years  ''upper 
glacial  drift,"  and  from  such  date  we  are  asked  to  believe 
the  existence  of  a  second  glacial  period. 
The  j^olian  drift  is  conspicuous  in  places.     We  cannot 
paint  to  any  undoubted  pre-or-intra-glacial  accimiulations, 
but  those  of  post-glacial  age  are  well   represented.      In 
pX«ice8  at  the  margin  of  the  "  Esker  Sea,"  such  as  on  the 
Cx-«tloe  hills,   County  Clare,  north  of  the  estuary  of  the 
S>m  4innon,   there  are  great    tracts    of    fine    sand,    locally 
ccJJed  "rabbit   sand,"  also    in   places  at  the  margin  of 
tti.^  100  feet  sea,  as  at  Birdhill,  County  Tipperary.     These 
•^^Ciumulations  usually  are  found  at  or  near  the  inver  or 
TEi.outh  of   a  valley  down  which  a  glacial  river  probably 
ft^>^ed;    we  may,   therefore,   suppose  that  the  sand   waa 
wTTned  in  glaciers,  similar  to  what  is  going  on  at  the  pre- 
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*  The  height  given  are  the  average  height,  as  the  terraces  rise  in  height 
•^%Mly  as  we  proceed  up  the  estuary. 
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sent  day,  while  subsequently,  after  it  had  reached  the  aea 
shore,  it  was  blown  up  into  hills  by  SBolian  action.  In  other 
places,  such  as  in  the  Esker  at  high  leveb,  and  at  the 
previously  mentioned  "  heads  of  the  tide/'  the  sands  seem 
to  have  been  brought  to  or  near  their  present  positions  by 
tidal  action,  and  afterwards  to  have  been  drifted  by  wind. 
All  these  sBolian  accumulations  are  now  dothed  with 
vegetation,  as  are  also  some  of  those  that  were  formed  at  the 
margin  of  the  25  feet  sea ;  but  many  of  the  latter,  and 
most  of  those  belonging  to  more  recent  times,  are  still 
shifted  hither  and  thither  by  the  wind.  Those  at  present 
forming  are  of  two  distinct  kinds — silicious  and  calcareous, 
or  shell  sand.  On  the  East  and  South-East  coasts  they  are 
nearly  altogether  siUcious;  and  are  very  prevalent 
in  places  forming  bars  enclosing  lagoons,  in  others  fill- 
ing up  bays  that  were  formed  when  the  sea  was  at  about 
the  10  feet  contour  line.  On  the  West  coast  much  of  this 
drift  is  calcareous,  at  the  mouth  of  Gblway  Bay  con- 
taining more  than  75  per  cent,  of  limey  matter.  Along 
this  coast,  as  the  prevailing  winds  are  from  the  westward, 
it  is  usually  piled  up  at  the  heads  of  the  bays  or  on  a  low 
coast  line,  backed  by  high  land.  In  some  places  it  occurs  as 
"sand  streams."  In  South- West  Mayo  the  inhabitants  near 
the  shore  have  great  difficulty  in  keeping  the  sand  from 
travelling  inward  and  smothering  up  the  arable  and  pasture 
land.  In  the  North-West  of  the  same  county,  adjoining 
Broadhaven,  there  were  sand  hills  covered  with  bent  grass ; 
this  was  burnt  off,  and  the  sand  began  to  travel  up  the 
hill  to  the  north-eastward.  It  has  gradually  crept  up 
about  700  feet,  destroying  all  before  it,  so  that  the  inhabi- 
tants have  had  to  migrate  to  the  other  side  of  the  hill.  In 
the  vicinity  of  Galway  Bay,  on  Aranmore,  and  to  the  north, 
in  Errismore,  the  sands  within  the  last  forty  years  have 
taken  to  travel  southward,  and  have  nearly  all  disappeared 
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out  to  sea ;  wliile  on  the  East  coast,  at  Arklow,  the  great 
sand  'duns  that  once  existed  have  now  nearly  disappeared. 

In  concluding  this  paper  I  wotdd  direct  the  special 
attention  of  members  of  the  Society  to  the  Glacialoid  drift, 
both  of  marine  and  meteoric  origin  ;  as  from  what  I  have 
seen  it  would  appear  to  me,  that  most  of  the  so-called 
"  Upper  Glacial  Drift  '^  in  England,  Scotland,  and  Ireland, 
are  re-arranged  drifts,  generally  either  marine  or  meteoric, 
and  that  they  are  perfectly  valueless,  as  evidences  of  changes 
in  the  climate  during  the  glacial  period.  In  Ireland,  I  have 
not  been  able  to  find  any  ''Middle  Gravels''  under  an 
"Upper  Glacial  Drift,"  although  one  of  the  principal 
classifiers  of  the  Lancashire  drift  has  said : — ''  There  is  as 
good  middle  sands  and  upper  glacial  drift  in  Ireland  as  in 
Lancashire."  In  England  and  Scotland  the  upper  glacial 
drifts  that  I  have  been  shown  are  all  very  questionable,  some 
being  undoubtedly  re-arranged  drifts.  In  the  latter  country, 
similar  to  Ulster^  I  have  heard  the  natives  call  them 
''BastaidTiU." 
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MANCHESTER  GEOLOGICAL  SOCIETY. 


Pabt  X.  Vol.  XIV.  Session  1876-7. 


At  the  Ordinary  Meeting  of  the  members,  held  at  the 
House  of  the  Literary  and  Philosophical  Society,  George 
Street,  on  Tuesday,  27th  March,  1877 ; 

Professor  W.  Boyd  Dawkins,  M.A.,  F.R.S.,  President, 

in  the  Chair. 

Mr.  James  Beswick,  Little  Hulton;  Mr.  Henry  Taylor 
GFrundy,  Badcliffe ;  Mr.  Joseph  Grundy,  Badcliffe ;  and 
Mr.  Lees  Knowles,  Westwood,  Pendlebury,  were  elected 
ordinary  members  of  the  Society. 


ON   THE    VARIATION    IN    THICKNESS    OF   THE 
COALS  AND  MEASURES  OF  THE  LANCASHIRE 

COALFIELD. 

(Part  I.) 

By  C.  E.  De  Range,  F.G.S., 
0/  the  Qeologieal  Society  of  England  and  Wales, 


Two  years  ago  it  became  my  duty  to  commence  collecting 
sections  of  coUiery  sinkings  in  the  Flintshire  and  Denbigh- 
shire Coalfields,  as  a  preparatory  measure  to  mapping  the 
geology  of  that  district  on  the  scale  of  six  inches  to  the  mile. 
Being  engaged  at  the  time  in  the  Wigan  and  St.  Helen's 
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Coalfield,  the  question  of  correlation  of  the  Lancashire 
and  North  Welsh  Measures  at  once  engaged  my  attention. 
The  problem  was  evidently  one  of  some  difficulty,  and  of  a 
character  only  to  be  solved  by  the  patient  accumulation 
of  facts,  by  an  observer  in  a  position  to  "  bide  his  time," 
until  sufficient  light  has  been  brought  to  bear  upon  the  point 
at  issue.  I  must,  however,  fairly  confess  I  have  not  yet 
arrived  at  that  position,  but  propose  to  lay  before  this  Society 
the  steps  by  which  I  hope  to  secure  a  successful  result. 

When  first  considering  this  subject,  I  noticed  in  com- 
paring some  Lancashire  colliery  sections,  that*  there  was  a 
considerable  variation  in  thickness  between  well-known 
horizons  in  different  parts  of  the  same  field.  The  question 
at  once  arose,  can  any  regular  thickening,  or  thinning  of  the 
measures,  or  coal-seams,  be  discovered  in  definite  directions, 
and,  if  so,  do  these  laws  hold  good  in  other  coalfields,  which 
have  probably  formerly  been  connected  with  that  of 
Lancashire?  To  answer  these  queries  I  examined  the 
various  valuable  sections  that  have  been  published  by  the 
Geological  Survey,  by  Mr.  Dickinson,  and  by  others 
scattered  through  the  transactions  of  various  societies ; 
but  unfortunately,  few  would  answer  the  purpose  in  hand. 
They  were  either  general  diagrams  for  a  district,  or  too  far 
from  each  other,  to  correlate  beds  and  coals  step  by  step  from 
one  pit  to  another. 

I  then  determined  to  collect  as  large  a  number  of  colliery 
journals  as  possibl%  in  a  line  crossing  the  coalfield  from 
S.W.  to  N.E.,  or  from  Prescot  to  Burnley  through  Wigan, 
and  Plate  61  of  the  Vertical  Sections  of  the  Geological 
Survey  is  the  result.  It  consists  of  ten  columns  plotted 
upwards  from  the  Arley  Mine,  the  lowest  coal  of  the  Middle 
Coal  measures  as  an  artificial  base  line,  the  well-marked  char- 
acter and  constancy  of  this  seam  rendering  it  peculiarly 
valuable  for  this  purpose.     The  varying    heights  of    the 
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odunms  represents  the  different  depths  of  the  indiyidual 
pits  described,  which  have  been  chosen  as  far  as  possible  as 
equal  distances  from  each  other,  with  the  exception  of  the 
tenth  column  representing  the  Burnley  section,  which  coal- 
field has  been  separated  from  that  of  Wigan  by  a  subsequent 
upheaval  of  Millstone  grits,  boimded  by  f aidts,  forming  the 
district  of  Anglesark  Moors. 

For  the  purpose  of  comparison,  I  have  found  it  conyenient 
to  divide  the  Middle  Coal  measures  of  the  Wigan  area  into 
the  following  groups,  for  the  purpose  of  comparing  them 
with  the  area  on  either  side,  in  descending  order : — 
F.  The  Inee  graup^  from  the  Ince  Yard  coal  to  the  Pemberton  5  feet. 
E.  The  PetAherUm  group^  from  the  P  5  feet  coal  to  the  Wigan  5  ft. 
D.  The  Wigan  group,  from  the  W  5  feet  coal  to  the  Wigan  9  feet. 
C.  dmnel  and  King  group,  from  the  W  9  feet  coal  to  the  Yaid  coal. 
B.  Bone  Coal  group,  from  the  Yard  coal  to  the  Orrel  5  feet. 
A.  Orrel  group,  from  the  Orrel  5  feet  coal  to  the  Orrel  4  feet  or 
Arley  Mine. 

In  tracing  these  groups  across  the  district  to  the  N.£.> 
group  A,  will  be  seen  to  be  very  constant  in  thickness,  the 
movement  of  subidence  at  this  era  being  equal  throughout 
the  whole  area. 

Oroup  B  is  more  developed  in  column  II.,  (St.  Helens)  the 
distance  between  the  Orrel  5ft.  and  the  Whiston  Main,  or 
Roger  coal,  (the  equivalent  of  the  Yard  Mine),  being  greater 
there  than  anywhere  else,  in  other  words,  a  special  line  of  sub- 
sidence, or  a  contemporaneous  synclinal  axis  had  come  into 
being,  and  ranged  through  what  is  now  St.  Helens.  It 
would  be  tedious  to  follow  the  movement  of  this  axis  through 
all  the  various  belts,  but  suffice  it  to  say  that  it  gradually 
travelled  north-eastwards  in  time,  imtil  in  the  Ince  coal 
era,  the  group  F,  it  was  situated  in  the  district  of  Worthing- 
ton,  near  Wigan,  where  the  distance  from  the  Ince  Yard 
coal  to  the  Arley  Mine  is  2200  feet,  in  colimm  VIII.,  while 
at  Prescot  it  is  only  1400  feet,  the  measures  having  thickened 
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50  feet  per  mile,  for  each  mile  traversed  through  a  horizon- 
tal distance  of  16  miles ;  this  thickening  in  the  first  four  miles 
is  at  a  rate  of  no  less  than  82  feet  per  mile,  and  of  60  feet 
per  mile  for  the  next  five  between  columns  III.  and  lY.,  the 
average  of  50  feet  being  produced  by  the  last  six  miles, 
increasing  only  at  a  rate  of  20  feet  per  mile. 

At  Burnley,  on  the  other  side  of  the  basin,  the  measures 
between  the  same  horizons  are  only  850  feet  in  thickness,  the 
average  thickening  from  Burnley  towards  Wigan  being  at  a 
rate  of  64  feet  per  mile,  for  each  of  the  21  miles  of  distance 
between  these  points;  whether  this  rapid  dip  flattens  towards 
the  centre  of  the  basin,  as  it  does  on  the  other  side,  it  is 
impossible  to  tell  owing  to  the  roll  of  older  rocks  brought  up 
by  later  faults  intervening  between  the  Burnley  and  Wigan 
basin  before  alluded  to.  From  these  facts,  no  one  can,  I 
think,  doubt  that  in  the  "Wigan  coal-field  we  have  a  striking 
example  of  the  formation  of  a  contemporaneous  synclinal,  in 
which,  deposit  kept  pace  with  the  downward  movement,  so 
that  the  pauses  in  the  movement  are  marked  by  contempor- 
aneous coal  seams  extending  over  nearly  the  whole  area. 
These,  however,  are  occasionally  absent,  as  the  Pemberton  5 
feet  at  Park  Lane,  and  are  often  of  varying  thickness,  and 
sometimes  only  represented  by  under-clays — the  isolated 
presence  of  which,  without  the  neighbouring  column,  where 
the  clay  is  seen  associated  with  its  overlying  coal-seam, 
would  be  somewhat  puzzling.  Again,  occasionally  seams  of 
Anthracomv  shells,  locally  called  "cockle-shells"  by  the 
colliers,  associated  with  bass,  followed  across  country  become 
well-marked  coal-seams,  connected  with  cockle-shell  bands ; 
thus  the  Bone  coal  of  Wigan  traced  to  the  S.W.  becomes 
the  Cockle-shell  Bass  found  above  the  Orrel  five-feet  coal  of 
St.  Helens,  while  the  well-known  Anthracosia  rohxista  seen 
lying  beneath  that  seam  at  Wigan,  is  represented  by  a  six- 
inch  coal  at  St.  Helens  ;  in  the  latter  district  the  peculiarlv 
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hard  rag  known  as  the  "  Burr/'  or  Scotchman,  lying  between 
the  Orrel  five-feet  mine  and  the  lower  Anthracosian  seam,  in 
Wigan  appears  to  be  absent. 

In  the  Bradley  Halls,  column  VII.,  a  band  of  dark  gritty 
limestone  occurs  between  the  Raven  coal  and  the  Yard  coal, 
which  is  interesting  as  foreshadowing  the  conditions  which 
prevailed  in  the  succeeding  Upper  Coal  Measure  period. 

It  might,  perhaps,  have  been  expected  that  the  greatest 
thickness  of  coal,  woidd  have  been  found  in  the  centre  of  the 
basin,  but  such  is  not  the  case,  though  perhaps  the  quality 
is  better  there  than  anywhere  else.  The  thicknesses  are  as 
follows  :— 

In  Column  I.  94*7  feet  in  19  seams,  15  being  above  2  feet 
„       IV.  84-7      „       35      „       13 
„     VII.  79-5       „       27      „       15 
,,        X.  52*7       „       19      „       14  ,,  ,, 

For  comparison  with  this  table  I  may  give  the  thickness 
of  sandstone  in  the  same  columns : — 

In  Column  I.  320  feet,  or  ^  of  the  whole  vertical  distance. 
IV    760  - 

,»  VII.     370  „  fs  jy  if 

,,         X.  250      ,,         ^  ff  ,, 

It  will  be  noticed  that  the  gradual  change  of  thickness 
observable  in  the  coal  seams  may  be  represented  diagra- 
matically  by  a  wedge,  of  which  the  thick  end  rests  on 
Prescot,  and  the  thin  end  on  Burnley,  It  will  also  be 
observed  that  the  coal  seams  have  a  tendency  to  rim  together 
at  the  edges  of  the  basin,  and  to  split  up  towards  the  centre, 
where  the  coals  are  wider  apart,  and  separated  from  each 
by  thicker  sedimentary  deposits,  precisely  in  the  same 
manner  as  the  thick  coal  of  Staffordshire,  splits  up  into  a 
nimierous  series,  ranging  through  a  considerable  vertical 
space,  when  traced  through  a  few  miles  of  horizontal  dis- 
tance, a  fact  which  led  the  late  Professor  Beete  Jukes  to 
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consider  that  all  thick  coal-seams  are  in  reality  a  succession 
of  seams,  accidentally  lying  the  one  over  the  other,  through 
failure  of  sedimentary  material  or  other  causes  in  the 
periods  intervening  between  the  formation  of  each. 

As  shingle  and  sand  is  generally  thrown  down  in  irregular 
banks  near  a  coast  line,  its  weight  preventing  it  being  held 
in  mechanical  suspension  in  water,  and  carried  away  by  cur- 
rents, it  might  be  expected  to  be  found  poorly  represented  in 
the  centre  of  the  Wigan  basin,  into  which  the  lighter  mud 
forming  the  shale  of  the  coal  measures  woidd  be  carried. 
This  is  precisely  so,  the  sandstone  in  the  centre  of  the  basin, 
only  form  ith  of  the  entire  mass,  while  at  the  edges,  they 
constitute  ^th  and  ^rd  respectively. 

In  these  residts,  we  have  two  facts,  which  are  useful  for 
correlating  purposes  in  North  Wales,  the  south-westerly 
attenuation  of  sedimentary  matter,  and  the  thickening  of 
the  aggregate  coal-seams  in  the  same  direction.  The  results 
of  the  Welsh  sections,  that  have  now  been  plotted,  forming 
two  plates  of  sections  prove  these  conditions  to  hold  good,  but 
the  sections  not  having  yet  been  published  by  the  Geological 
Survey,  I  am  prevented  giving  any  details  at  present,  though 
I  may,  perhaps,  state  that  we  have  reached  the  thicker 
end  of  the  coal  wedge,  in  the  neighbourhood  of  Ruabon, 
from  which  the  coal  appears  to  thin  away  in  the  opposite 
direction. 

My  colleague,  Mr.  Topley,  in  a  paper*  read  at  the  Geological 
Society  of  London,  "On  Areas  of  Apparent  Upheaval,"  states 
that  the  high  dip  around  most  basins  is  due  not  merely  to 
upheaval  but  to  a  thinning  towards  the  dip  of  the  subjacent 
strata,  which  thicken  towards  the  rise,  while  as  regards  the 
strata  that  f  onn  the  basins  themselves,  the  converse  is  the  case, 
for  they  thicken  towards  the  centre  of  the  basin.  And  he  cites 
as  instances  the  strata  of  the  Newcastle  Coalfield,  which 

*  Quar.  Jour.  Geol.  Soc,  1874,  p.  186. 
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thicken  towards  the  centre  of  the  basin,  the  seams  of  coal 
being  wi^M^  apart  than  along  the  western  margin,  and  the 
easterly  dip  being  greater  in  the  lower  seams  than  in  the 
upper,  which  dip  is  clearly  the  result  of  unequal  deposition, 
and  not  of  subsequent  undulations  in  the  strata. 

Professor  Hubert  states  that  the  Tertiary  rocks  of  the 
Paris  basin  thicken  towards  the  centre,  whilst  the  under- 
lying Lower  Cretaceous  rocks  thicken  as  they  rise  to  the 
west.  Mr.  Topley  states  the  same  phenomenon  to  occur  in 
the  London  and  Hampshire  tertiary  basins. 

Mr.  Topley  points  out  that  the  dip  of  the  Great  Oolite,  be- 
ween  Leekhampton  Hill  in  the  Cotteswolds  and  Burford  to 
the  east,  a  distance  .of  19  miles,  is  600  feet,  which  is  en- 
tirely produced  by  the  attenuation  of  the  strata  in  that 
direction,  to  that  amoimt. 

Similarly  the  thickness  of  the  New  Red  Sandstone  is  givem 
by  Professor  Hull,  as  5,600  feet  in  Cheshire,  and  about 
600  in  East  Warwickshire,  so  that  in  80  miles  it  has 
thinned  5000  feet,  0t  about  62  feet  per  mile.  And  shoidd  these 
rocks  have  happened  to  have  been  covered  with  later  strata, 
they  would  of  necessity  have  been  subject  to  a  dip  of  that 
amoimt  due  to  this  cause  alone,  and  not  to  any  subsequent 
movement  of  the  earth's  crust. 

Another  remarkable  instance  of  rapid  thinning  is  given 
by  Mr.  Topley,  viz.,  that  of  the  Millstone  Grits  west  of 
Sheffield,  which  thin  from  3,500  feet  to  1,500  at  Belper, 
a  distance  of  20  jniles,  which  is  equal  to  a  dip  of  1^. 
If  these  Millstone  Grits  had  been  entirely  covered  up  with 
Coal  Measures,  this  dip  would  certainly  have  been  attributed 
upheaval  or  depression. 

From  these  facts  it  woidd  appear  to  be  certain  that  any 
observed  dip  holding  good  over  considerable'  areas,  in  a 
special  direction,  is  not  necessarily  entirely  due  to  any  sub- 
sequent movement  of  the  earth's  crust,  but  may  have  been 
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formed  by  oontemporaneous  depoaition  on  a  rabsidiiig  in- 
dined  plane,  produced  by  the  unequal  depoaition  of  tlie 
prooeeding  strata. 

Professor  Phillips^  in  bis  Geology  of  YoiUiir^  oonmmt- 
ing  on  tbe  purity  of  tbe  argillaceous  deposits  on  Hie  weit^ 
and  of  tbe  gritstones  to  tbe  north,  suggested*  the  entmieecrf 
two  primeval  riyers,  or  currents^  the  one  from  Hie  irast 
bearing  sediment  from  an  area  composed  of  argiDaoeoos 
date,  the  other  from  tbe  north,  bringing  the  gnnnlar 
detritus  of  regions  occupied  by  gneiss  and  mioa  slate.  Ihk 
dassifioation,  though  holding  good  for  nearly  Hie  whole  of 
the  carboniferous  rocks  of  Yorkshire,  in  Lancashire  dees  not 
appear  to  haye  come  into  force  until  the  Middle  C!oal  ICeasoxe 
in  which  sandstones  are  strongly  developed  in  York- 
S  individual  beds  ranging  oyer  considerable  areas^  so  that 
each  bed  may  be  sqiarately  mapped  as  has  been  dome  on  the 
maps  of  the  Gedogioal  Survey,  which  would  be  abaolntafy 
impossible  to  carry  out  in  the  Lancashire  coal-field,  whora 
sandstones  and  grit-beds  are  unimportant^  uncertain,  and  of 
no  great  horizontal  continuity. 

The  Millstone  Orit>  on  the  other  hand,  attains  its  maxi- 
mum thickness  in  the  British  Isles  in  Lancashire,  being  no 
less,  according  to  my  colleague  Mr.  Tiddeman,*  than  5,500 
feet  at  Sabden,  near  Burnley,  diminishing,  according  to 
Messrs.  Hull  and  Green,  to  2,500  at  Mottram,  a  distance  of 
30  miles,  or  100  feet  per  mUe,  to  500  feet  in  North  Staflford- 
shire,  and  to  50  feet  in  Leicestershire,  or  5450  feet  in  80 
miles  in  a  S.S.  Easterly  direction,  or  68  feet  per  mile.  From 
these  &cts  it  woidd  appear  that  the  westerly  river,  or  cur- 
rent, bearing  clayey   matter,  and   the  northerly  river,  or 


«  Quoted  by  Professor  Hull,  F.R.S.,  in  his  paper  "  On  the  ThickneB  of 
the  Garbonifnoos  Hocks  of  the  Pendle  Bange  of  Hills,  Lancashirei,*'  as 
illustrating  the  anther  s  views  regarding  the  **  South-easterij  attennatioii  of 
the  Carboniferous  Sedimentary  Strata  of  the  North  of  England.  "-^Qoar. 
Jour.  Gcol.  Soc.,  1868,  p.  319. 
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current,  bearing  sandy  matter,  were  contemporaneous  in 
the  Coal-measure  period  of  Lancashire  and  Yorkshire.  In 
the  previous  Millstone-grit  era,  this  was  not  the  case,  and 
the  river,  or  current,  flowing  from  the  north  alone  existed, 
bringing  more  material  to  what  is  now  the  western  side  of 
England  than  the  eastern,  and  depositing  a  less  and  less 
amount  of  detritus  as  it  flowed  southwards ;  a  striking  in- 
stance of  which  is  seen  in  the  First  Grit,  or  Hough  Rock,  of 
Hoghton  Tower,  which  attains  a  thickness  of  400  feet,  while 
at  Parbold  Hill,  only  11  miles  to  the  south,  it  is  only  100 
feet,  having  thinned  out  no  less  than  30  feet  per  mile,  on 
the  strike,  equal  to  a  dip  of  1  in  176,  on  which  inclined  sur- 
face the  Lancashire  Coal-field  is  deposited. 

When  comparing  adjacent  colliery  sections,  separated 
from  each  other  by  a  fault,  I  have  noticed  a  diflerence  in 
the  vertical  thickness  between  two  given  horizons.  In 
many  cases  this  is  doubtless  due  to  diflerence  of  the  amoimt 
of  dip  on  the  opposite  sides  of  the  fault,  but  occasionally 
the  phenomenon  is  observable  when  the  dip  is  the  same.  In 
these  cases  I  believe  it  to  have  been  produced  by  horizontal 
shifting  along  the  lines  of  f aidt,  which  have  brought  a  slice 
of  Coal-measures  originally  deposited  at  a  greater  distance 
from  the  centre  of  the  basin,  and  therefore  thinner,  against 
another  slice,  formed  in  the  thicker  portion,  nearer  the  centre. 
That  horizontal  shifting  takes  place  in  faulted  mineral  veins, 
I  am  tolerably  certain,  from  the  direction  of  the  Slickensides, 
preserved  in  pyrites,  on  their  faces,  and  from  other  facts. 

The  researches  of  Mr.  J.  M.  "Wilson,  M.A.,*  render  it 
tolerably  certain  that  contortions  in  strata  are  the  inevitable 
result  of  the  subsidence  of  a  curved  surface,  and  that  faults 
are  cracks,  the  result  of  the  re-elevation  of  that  curved 
surface,  in  which  *'  the  rocks  have  to  expand,  so  as  to  fill  a 
larger  area." 


.i^X. 


*  OeoL  Map.,  1868,  p.  383. 
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From  the  presence  of  the  Permian,  rocks,  on  various 
portions,  not  only  of  the  coal  measure  series  but  of  the 
underlying  Millstone  Grits,  it  is  certain  that  these  formations 
had  already  obtained  their  dip,  being  subjected  to  lateral 
pressure,  which  had  squeezed  and  forced  up  into  a  aeries  of 
sharp  anticlinal  rolls,  the  older  underlying  strata,  phenomena 
produced  by  the  movement  of  subsidence  taking  place  at 
the  close  of  the  Carboniferous  period,  which  subsidence  was 
followed  by  much  contemporaneoujs  marine  denudation  which 
wore  the  surface  of  the  various  Carboniferous  series  into  a 
plain  of  marine  denudation,  on  which  was  afterwards 
deposited  the  Permian  rocks.  This  denudation  not  only 
affected  the  Carboniferous  strata  of  the  North-West  of 
England,  but  the  Lower  Silurian  tracts  of  West  Cumberland, 
where  the  Permian  strata  rests  transgressively  on  the  eroded 
Coal  Measures,  Mountain  Limestone,  Green  Slates,  and 
Porphyries,  and  Skiddaw  slate.*  The  great  synclinal  and 
anticlinal  folds,  ranging  E.N.E.,  which  formed  the  northern 
limits  of  the  Lancashire  and  Yorkshire  Coalfields,  and 
plicated  the  Millstone  Grit  and  Yoredale  Hills  of  the 
Pendle  Range,  and  brought  into  existence  the  Mendip  and 
Ardennes  Anticlinals,  came  into  being  after  the  deposition 
of  the  Lancashire  Upper  Coal  Measures,  and  before  the  era 
of  this  extensive  marine  denudation.  From  mv  examination 
of  the  rocks  of  the  North  of  England,  I  agree  with  the  con- 
clusion of  Professor  Hull,  that  the  second  system  of  disturb- 
ance, ranging  about  north  and  south,  was  an  upheaval  pro- 
ducing faults,  the  most  important  of  which,  the  Pennine 
anticlinal,  dissevered  the  Lancashire  and  Yorkshire  Coal- 
fields at  the  close  of  the  Permian  era,  which  was  followed 
by  a  second  period  of  upheaval  fracture,  ranging  about 
N.N.W.,  after  the  deposition  of  the  Oolites. 

♦  For  details  of  these  movements  see  Professor  Hull's  paper  "  On  the 
Relative  Ages  of  the  Leading  Physical  Features  and  Lines  of  Elevation  of 
the  Carboniferous  District  of  Lancashire  and  Yorkshire.  Q.  J.  Q.  S.,  1868, 
p.  323. 
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These  faiilts  have  an  important  bearing  on  the  Wigan  coal- 
field, dividing  it  into  a  series  of  watertight  conipartment43, 
at  nearly  equal  distances  of  1400  yards  apart.  Some  of  the 
chief  are  the— 

1.  Oreat  Pemberton  fault,  downthrow  E 470  yards. 

2.  „     Shevington    „  „  ....  600      „ 
(which  brings  in  the  W.S.W.,  or  Pemberton  dip). 

3.  Ghreat  Standish  faidt,  downthrow  E 160  yards. 

4.  GKants  Hall  faidt  of  Ince,  downthrow  W.  .  600      „ 

8.  Oreat  Haigh  faidt,  downthrow  W 600      „ 

It  is  worthy  of  note  that  the  abnormal  dip  in  the  "West 

Lancashire  coalfield,  brought  in  by  certain  faults  and  called 
"  Pemberton  dip,"  is  similar  to  that  immediately  west  of  the 
Pennine  anticlinal  faidt;  or,  in  other  words,  the  normal 
Wigan  dip  E.N.E.  is  in  no  way  affected  by  that  fault,  its 
influence  being  lost  a  few  miles  from  the  anticlinal. 

Notwithstanding  the  enormous  thickness  of  the  Millstone 
Orit  in  Lancashire,  the  presence  of  thin  coal  seams  through- 
out the  whole  series,  and  of  fragments  of  coal  plants  in  the 
midst  of  the  thickest  sandstone,  would  point  to  a  sea  of  no 
great  depth,  in  which,  from  time  to  time,  the  sea-bottom 
was  either  elevated,  so  as  to  become  a  land  surface,  above 
the  level  of  the  sea,  or  else  the  sea  was  kept  out,  by  the 
formation  of  barriers  of  sand  and  mud,  at  the  entrance  of 
inlets,  behind  which  plants  grew  at  elevations,  actually  a  few 
feet  below  that  of  the  sea  outside.  The  sea  never  attaining 
any  great 'depth,  the  amoimt  of  deposition  about  keeping 
pace  with  the  rate  of  subsidence,  so  that  the  depth  remained 
the  same,  and  the  same  marine  organisms  found  fossil  in  the 
shales  were  enabled  to  live  on  through  the  whole  period,  and 
in  fact  are  found  present  in  the  shales  of  the  Gannister  BedlB 
or  Lower  Coal  Measures.  In  the  succeeding  Middle  Coal 
Measure  era,  these  pauses  in  subsidence  appear  to  have  lasted 
longer,  plant  growth  succeeded  plant  growth,  and  thicker 
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ooal-seams  were  the  result,  fresh  water  oanditioii  weire  mom 
prevalenty  though  I  think  it  probable  that  the  fiah,  whcMB 
remains  are  so  prevalent  in  some  of  the  shales  OYedBymg  ^Hb 
coal,  and  in  fact  in  the  cannel  ooal  itself ,  were  eapaUe  of 
living  in  K^ea  water,  as  is  the  salmon  at  the  present  day,  and 
though  we  find  the  same  species  of  fish  at  suooesdve  liorijRm% 
probably  of  fresh  water  origin,  it  was  in  aa  outer  area  ol 
salt  water  that  the  species  lived  on  in  the  meanwhile.  The 
researches  of  Mr.  E.  W.  Binney»  F.B.S.,  and  others  have 
shown  that  the  Cannel  ooal  of  Wigan  is  composed  of 
excessively  comminuted  vegetable  matter,  and  that  ^lores  of 
Lycopodiaceous  plants  are  common  in  it,  which  would  not 
have  been  floated  far,  which  is  extremely  interesting  whea 
it  is  remembered  that  this  is  precisely  the  area  whfiire  the 
action  of  subsidence  during  the  Middle  Coal-measures  was 
greatest. 

Conclusions. — ^It  would  appear  probable  from  the  observed 
jbcts,  that  the  Lancashire  and  North  Flintshire  ooalfields 
were  deposited  over  an  inclined  plain  of  Millstone  Grit^ 
sloping  to  the  southwards, 

2.  That  in  Middle  Coal-measures  times  a  synclinal  axis 
came  into  existence,  causing  a  greater  depression  of  the 
coal  basin  along  a  definite  line,  which  gradually  travelled 
to  the  north-east  in  time,  until  it  reached  WorthingUmy 
near  Wigan. 

3.  That  the  deposition  of  the  Coal-measures  was  followed 
by  continued  subsidence,  which  caused  the  carboniferous 
series,  and  the  underlying  older  rocks  to  be  rolled  into  a 
series  of  flexures,  before  the  denudation,  which  preceded 
the  Permian  epoch. 

4.  That  after  that  era,  an  upheaval  took  place,  whieh 
produced  lines  of  fault,  ranging  N.  and  S.,  which  was 
followed  by  another  upheaval,  along  N.N.  westerly  lines. 

I  would  wish  to  take  this  opportunity  of  thanking  the 
numerous  colliery  proprietors,  who  have  so  freely  given  mc 
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assistance,  and  without  whose  aid,  my  results  woidd  have 
been  absolutely  unattainable.  Where  so  many  have  helped 
it  is  almost  invidious  to  mention  names,  but  I  may  say  I  aia 
specially  beholden  for  information  to  Mr.  John  Smethurst, 
of  Wigan ;  Mr.  Watkin,  of  Pemberton ;  Mr.  J.  Thompson, 
F.G.S.,  of  Norley ;  Mr.  C.  Clark,  of  Park  Lane,  Ashton ; 
Mr.  W.  Smethurst,  F.G.S.,  of  Bryn ;  Mr.  Ffrance,  of  St. 
Helens,  and  to  my  colleague  Mr.  Strahan,  B.A.,  F.G.S.,  for 
assistance  in  carrying  on  the  work  in  every  way. 


Mr.  Dickinson  said  he  observed  that  Mr.  De  Eance  gave 
the  authorities  for  the  sections  which  illustrated  his  paper. 
Who,  he  would  like  to  ask  was  the  author  of  the  Burnley 
section  ?  Some  years  ago,  when  he  (Mr.  Dickinson)  brought 
a  paper  before  the  Society,  which  appeared  in  the  transac- 
tions, he  gave  the  names  of  all  the  authorities  to  whom  he 
was  indebted  for  sections,  and,  amongst  others  was  the  name 
of  Mr.  George  Wild,  a  colliery  manager,  now  present.  Mr. 
Wild  was  the  author  of  the  Fulledge  section  at  Burnley.  If 
the  same  section  had  been  adopted  by  Mr.  De  Bance  in  his 
chart,  he  might  say,  from  experience  which  had  been  gained 
since,  that  one  of  the  coal  seams  which  Mr.  Wild  then 
identified  had  been  proved  not  to  be  the  coal  he  (Mr.  Wild) 
took  it  for,  and  that  there  was  a  greater  thickness  between 
the  King  Coal  and  the  Arley  than  was  supposed  at  the  time 
in  question.  The  connection  was  then  traced  through  a  fault, 
not  by  direct  sinking ;  and  that  might  explain  some  of  the 
difference  in  the  thinning  which  Mr.  De  Ranee  had  shown 
between  the  south-western  and  north-eastern  parts  of  the 
Coalfield. 

Mr.  De  Range  said  he  found  at  the  head  of  the  No.  10, 
Burnley  column,  referred  to  by  Mr.  Dickenson, — "Fulledge 
Colliery  and  Cliviger  Colliery,  Reduced  from  Vertical  Sections 
of  the  Geological  Survey,  sheet  33,  Nos.  8,  9.'*  The  upper 
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portion  of  the  section  is  from  the  Fulledge  GoUiery^  and 
the  lower  from  the  Cliviger  Colliery.  He  had  not  put  the 
authority  of  gentlemen's  names  from  whom  his  eolleagoe, 
Professor  Hull,  got  his  information,  but  he  had  no  doubt 
whatever  that,  when  the  plate  sheet  33,  was  referred  to,  the 
names  of  those  who  supplied  the  two  colliery  sections  would 
be  found  to  be  stated.  Doubtless  Professor  Hull  got  his 
information  at  the  collieries :  he  (Mr.  De  Kance)  did  not 
think  he  would  take  it  from  the  transactions  of  any 
scientific  society. 

Further  discussion  upon  the  paper  was  adjourned  to  a 
future  meeting. 


ON  UNDERGROUND  FIRES. 
By  W.  J.  Grimshaw,  F.G.S. 


Great  effects  are  often  produced  by  small  causes,  and 
from  that  point  of  view  fires  occurring  above  ground  or 
below  ground  are  mu  h  alike.  An  imforseen  occurrence 
or  careless  act,  which  causes  a  fire  above  ground,  may  in  a 
similar  manner  cause  one  underground,  but  as  regards  after 
results  all  similitude  ceases.  As  instances,  the  writer  may 
mention  that  fires  of  more  or  less  magnitude  have  come 
under  his  notice,  resulting  from  the  following  causes : — 

1.  Ignition  of  canvas  air  tubing  from  a  small  feeder  of 
gas  which  was  lighted  by  a  shot.  The  men  left  the  place 
and  gave  no  alarm  for  some  time  aften^ards.  This  fire 
gained  great  headway,  and  after  several  violent  explosions 
the  pits  were  sealed.  On  re-opening,  about  two  months 
afterwards,  a  violent  explosion  occurred,  and  the  fire  was 
eventually  subdued  by  flooding  the  pits. 

2.  Shots  fired  at  the  end  of  a  shift,  and  places  not 
examined  for  some  time  after. 
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3.  Torcli  lamp  falling  into  an  open  grease  box  near  pit 
bottom. 

4.  Furnace  ashes  filled  into  a  tub  without  being  properly 
slacked. 

5.  Shot  bringing  coal  down  solid,  and  igniting  gas  in 
break  behind. 

6.  Soot  clogged  on  curbs  and  sides  of  a  furnace  pit  by 
accidental  influx  of  water.     Fired  two  days  after. 

7.  Backing  on  arching  igniting  spontaneously. 

8.  Mouthing  14  yards  above  furnace  catching  fire  from 
furnace. 

9.  Timber  behind  pit  walling,  opposite  furnace,  drift 
ignited  from  furnace. 

10.  Spontaneous  combustion,  and  burning  through  or 
displacement  of  rib  or  barrier  left  to  cut  off  a  gob  fire. 

In  the  course  of  conversation  with  Mr.  J.  S.  Martin  on 
this  subject,  he  mentioned  the  occurrence  of  two  fires  at  the 
Hibemia  Colliery,  Westphalia,  one  of  which  was  caused  by 
the  ignition  of  a  small  quantity  of  gas  in  an  old  road,  and 
the  flame  withdrawing  behind  a  pack,  burned  so  long  as  to 
ignite  some  old  timber  which  had  been  stowed  there.  The 
other  was  caused  by  a  torch  lamp,  placed  behind  a  prop  to 
shield  it  from  the  air,  igniting  the  timber.  This  occurred 
in  a  main  return  airway  through  which  steam  pipes  were 
carried,  and  the  fire  extended  a  distance  of  about  140  yards 
in  less  than  six  hours. 

The  above  tabulation  of  a  few  of  the  causes  of  under- 
ground fires  may  give  some  idea  of  the  diflScidty  of  taking 
any  other  than  general  precautions  to  guard  against  their 
occurrence.  Comparatively  speaking,  a  fire  on  the  surface 
comes  to  a  definite  end,  in  a  reasonably  definite  time — ^the 
progress  thereof  may  be  marked  without  risk,  and  the  best 
means  of  dealing  with  it  are  generally  obvious.  Many 
causes,  however,  conspire  to  render  the  extinction  of  an 
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imdergTound  fire  a  maoh  more  arduous  and   dangerous' 
undertakii^,  whatever  means  of  dealing  with  it  may  be 
adopted. 

Broadly  speaking,  but  four  oourses  are  open  for  choioe^ 
via: — 

Following  the  fire  up,  and  extinguishing  it  with  water. 

Flooding  the  mines  wholly  or  partially* 

Sealing  the  shafts,  the  workings,  or  part  of  them. 

FiUing  the  mine  with  carbonic  acid. 

As  regards  the  first  mentioned  course,  an  interesting  {N^ter 
was  read  before  this  Society  by  John  Enowks,  Esq., 
detailing  the  process  as  applied  to  a  fire  at  Pendkboiy 
Colliery,  which  was  eventually  extinguished  by  dus  mnwm 
Proverbial  wisdom  says  that  '*  delays  are  dangenms^''  and 
in  no  case  is  the  maxim  more  pregnantly  true  duun  in 
relation  to  dealing  with  fires  in  collieries.  An  hour  of 
active  measures  at  the  commencement  is  often  more  valuable 
than  months  would  afterwards  be;  and,  in  addition,  die 
writer  believes  that,  generally,  the  earlier  a  fire  is  dealt  with 
the  safer  it  is  for  those  engaged  in  the  operation.  Following 
up  the  fire  with  water  is  certainly  the  most  satis&ctory 
method  of  dealing  with  it ;  the  progress  that  is  being  made 
is  known,  there  is  greater  scope  for  the  exercise  of  judg- 
ment, and  greater  sense  of  security  than  there  is  for  those 
employed  in  building  off  a  fire.  In  fact,  the  difference 
between  the  two  methods  may  be  likened  to  the  difference 
between  fighting  a  duel  in  open  air  and  in  a  dark  room. 

Another  strong  reason  in  favour  of  following  up  with 
water  is  that  when  the  fire  is  subdued,  work  may  be  resumed 
in  a  very  short  time  in  the  majority  of  cases.  The  fire  is 
done  with,  and  the  great  expense  of  keeping  the  pit  idle  for 
an  imcertain  period  is  saved. 

Considering  this  method  of  battling  the  fire  the  best,  jret 
the  writer  does  not  mean  to  assert  that  it  ought  to,  or  even 
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could,  be  tried  in  all  cases.  The  varying  conditions  of 
different  mines,  and  the  constantly  varying  conditions  of 
any  one  mine,  preclude  any  special  provision  being  made  to 
deal  with  a  fire,  wheresoever  it  occurs,  by  any  special 
means.  Consequentiy  very  much  depends  on  individual 
effort  called  into  action  by  the  emergency.  It  has  been 
said  that  the  '^imezpected  always  happens,"  but  imfor- 
tunately  few  people  are  gifted  with  the  power  of  defining 
the  "  unexpected." 

Even  when  means  of  dealing  with  fire  are  immediately  at 
hand,  it  does  not  seem  that  success  is  always  achieved. 

In  the  '^  Report  of  the  Department  9f  Mining,  Nova 
"  Scotia,  for  the  year  1873,"  will  be  found  an  accoimt  of  a 
fire  at  the  Drummond  Colliery,  in  Pictou  County,  belonging 
to  the  Intercolonial  Colliery  Company. 

A  portion  of  the  evidence  of  the  hewer,  Robert  McLeod, 
ia  whose  working  place  the  fire  originated,  is  given  as 
follows  : — 

''  I  went  to  work  on  the  morning  of  the  13th  May  in  the 
''main  level,  No.  2  slope.  I  found  6ft.  of  gas,  and  that  on 
the  high  side.  During  the  morning  I  fired  two  shots  in 
the  fall,  and  neither  set  fire  to  the  gas.  About  a  quarter 
"  to  twelve  I  fired  a  shot  in  the  bench  on  the  low  side.  It 
"  did  not  blow  well,  and  the  gas  caught  fire.  We  battled 
''  with  the  fire  for  about  fifteen  minutes,  and  had  then  to 
"  retire  for  fresh  air.  When  we  endeavoured  to  return  we 
''could  not  for  the  smoke.  We  went  in  by  way  of  the 
"  lodgement,  and  foimd  the  fire  had  caught  the  brattice. 

'^  Had  I  been  able  to  shovel  the  coal  from  the  face  I  coidd 
"  easily  have  put  out  the  fire. 

*'  There  was  less  water  than  usual  in  the  barrels,  but  I 
"  have  little  doubt  that  the  barrels  woidd  have  been  filled  in 
"  the  course  of  the  day. 

•'Before  I  left  the  level  the  first  time  the  smoke  was 
"  backing  down  against  the  air." 
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Another  witness  says : — 

"  Before  twelve  o'clock  I  got  word  that  McLeod's  level 
*'  was  on  fire.  I  went  at  once  to  the  face,  and  helped  to 
"  work  at  the  fire  by  throwing  water  and  beating  at  the 
''  flame  with  wet  bags,  but  we  cotdd  do  little,  as  the  smoke 
"  soon  sickened  us." 

Mc.Leod's  loader  says : — 

"  There  were  two  barrels  of  water  not  far  from  the  feoe, 
''  one  full  and  the  other  half  full ;  there  was  also  a  sump 
"  with  plenty  of  water  about  100  yards  from  the  face." 

John  Lorimer,  a  hewer,  says  :— 

''There  was  always  plenty  of  water  and  appliances  for 
"  putting  out  fires." 

Under  the  Mines  Regulation  Act,  1872,  a'  fire  from  a 
similar  cause  is  hardly  likely  to  happen  here,  but  the  cause 
is  immaterial.  What  the  writer  wishes  to  draw  attention 
to.  is  the  proximity  of  means  for  dealing  with  the  fire,  whioh 
were  promptly  applied,  yet  were  inefiectual,  for  owing  to 
derangement  of  the  ventilation,  explosions  took  place  by 
which  59  lives  were  lost.  Water  was  turned  into  the  pits, 
but  for  36  hours  the  flames  shot  up  to  a  height  of  30  to  40 
feet  at  openings  on  the  crop  of  the  mine.  A  Mines  Act  has 
come  into  force  since  this  accident,  which  more  nearly 
assimilates  the  conditions  of  working  to  those  obtaining  in 
this  coimtry. 

If  the  course  chosen  needs  the  scaling  of  the  shafts  or 
the  airways,  many  circumstances  require  to  be  taken  into 
consideration.  It  may  so  happen  that  it  is  impossible  to 
stop  the  return  on  account  of  the  smoke,  &c.,  coming  from 
the  fire.  Then  the  need  of  deadening  the  fire  is  obvious,  and 
the  most  expeditious  way  of  so  doing  is  to  arrest  the  air 
which  is  feeding  the  flame  by  stopping  up  the  intake. 
When  that  is  done,  the  course  of  events  may  be  as  well 
observed  on  the  surface  as  undergroimd,  and  more  safely. 


225 

In  24  to  48  hours,  if  no  explosion  has  occurred,  an  attempt 
may  be  made  to  put  a  stopping  in  the  return.  If  any 
difficulty  is  experienced,  owing  to  the  noxious  fumes  or  gas> 
the  air  at  command  may  be  used  to  keep  the  place  sufficiently 
dear  for  the  time  required  for  building  the  stopping.  A 
pipe,  with  a  valve,  self-acting  outwards,  is  sometimes 
inserted  in  one  of  the  stoppings,  with  the  object  of  relieving 
any  pressure  that  may  accumulate  in  the  barred-off  district. 

When  a  fire  is  sealed,  if  the  discharge  of  gas  continues 
whilst  the  fire  is  burning,  the  gas  and  the  oxygen  of  the  air 
will  combine,  and  hereby  a  vacuum  will  be  formed  through 
the  combination  of  the  gases,  as  one  volume  of  carburetted 
hydrogen  and  two  volumes  of  oxygen  combine  to  one 
volume  of  carbonic  acid. 

If  air  is  then  let  in,  the  fire  will  be  fed.  It  seems  to 
be  hardly  desirable  to  open  the  stoppings  till  there  is  neither 
raction  or  discharge. 

It  is  a  point  worthy  of  consideration  as  to  whether  a 
stopping  need  be  put  in  the  return  when  the  fire  is  built  oflP. 

An  account  of  a  fire,  which  incidentally  bears  on  some  of 
the  above-mentioned  points,  may  not  be  without  interest. 

The  section  of  the  mine  in  which  the  fire  occurred  was: — 

Ft  In.  Ft.  In. 

Bagman  Coal 4    0  .... 

Strong  Bass .  •  •  •  •  6    0 

Seven  Feet  Coal 7    0  .... 

Yardley — Inferior  Coal  and 

Pyrites 0  10 

Holing  Dirt 1     3 

Hams  or  Rough,  5ft.  coal  ..56 


a     •    •    • 


Total  coal 16    6     Dirt    8     1 

And  the  roads  were  partly  driven  in  the  7ft.  and  partly  in  the 
Hams  Coed.    Sometime  on  Sunday  evening  the  rib  at  A  (see 


dB$tekJ  mut  hATe  giTen  way,  bringing  fire  down  ham  the 
dd  worin  above.  Two  fiianm  dewcended  the  iqmrt  ahoHfy 
after  twelve  on  the  Sunday  nigbt,  and  one  was  lendflnl 
inaenaible,  and  the  other  neariy  bo,  by  the  noisioiia  fianet 
from  the  fiie.  The  fiie  gained  great  headwajr*  ud  between 
two  and  three  o'clock  two  dig^  qcgjlnainne  ocoozTed*  Am  it 
was  deemed  hopeleee  to  atten^  to  eztinginsh  the  Sn,  and 
fears  were  entertained  that  it  might  reach  the  iqmst  pi^  it 
was  determined  to  doee  the  inteke  airways-  Aoootding^ 
the  Btoiypings  1  and  2  were  pot  in,  and  all  handa  cleared  ont 
of  the  pit.  ThedeneeToIameBof  UaekHnokeiflningatthiB 
time  from  the  npcast  pit  gradnaDy  lewwned,  and  the  ooloar 
became  much  lighter.  The  stoppings  were  mnnnined  three 
or  four  times  during  the  day.  Neit  day  the  discharge  at 
the  npcast  had  changed  its  coloar  to  a  misty  whiter  irideh 
gradnally  decreasedindensity.  Stoppings  3  and  fiweoce  pot  in, 
and  many  attempts  were  made  to  pat  a  stopping  in  die  fi. 
retom  airway,  bat  the  fire-stink  was  so  strong  that  it  oodd 
not  be  done.  The  stopping  in  the  nortii  intake  was  then 
taken  out,  and  the  air  worked  roand  for  some  time.  It  was 
by  means  of  brattice  turned  past  the  mouthing  by  which  it 
returned  into  the  upcast  pit,  and  the  men  were  «nAKTfl<i  to 
put  a  series  of  substantial  stoppings  in  the  return.  All 
weak  places  were  then  made  good,  and  work  was  resumed  at 
the  pit,  it  being  considered  safe. 

In  this  case,  although  the  fire  was  situate  in  the  extreme 
rise  of  the  workings,  **  fire-stink  "  could  be  perodyed  at  the 
low  side  of  the  stopping  6,  from  which  fact  the  writei 
draws  the  inference  that  in  this  case  a  considerable  portiim 
of  the  south  side  workings  wa^  filled  with  it,  as  it  had  no 
means  of  reaching  that  point  except  through  the  leakage  or 
disturbance  of  a  door  or  stoppings.  The  south  side  workings 
were  not  re-opened,  as  the  coal  had  been  worked  to  within  a 
short  distance  of  the  limit  of  the  shaft  pillar.     The  writer 
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does  not  suppose  that  the  fire  on  the  south  side  workings 
was  extinguished,  though  the  means  adopted  proved  adequate 
to  enable  the  north  side  of  this  mine  and  the  other  mines  to 
be  worked  safely. 

Water  is  seldom  of  use  in  dealing  with  a  "gob  fire/' 
indeed  the  position  and  extent  of  such  a  fire  generally  pro- 
hibits the  efficacious  use  of  it.  In  the  majority  of  cases  a 
peculiar  smell  gives  a  timely  warning  of  the  heating  of  the 
gob,  or  if  the  gob  is  actually  on  fire  in  some  remote  portion 
of  the  old  workings,  the  smoke  generally  makes  an  appear- 
ance before  there  is  much  danger  of  actual  fire  reaching  the 
workings  in  progress.  In  mines  where  gob  fires  are  preva- 
lent, sometimes  the  coal  is  worked  in  districts,  with  ribs  or 
barriers  left  between  each ;  and  when  a  district  is  worked 
out,  substantial  stoppings  are  put  in  the  roads  communicating 
with  such  districts,  10  yards  long.  This  practice  necessitates 
the  loss  of  much  coal.  This  has  been  notably  the  case  in 
the  thick  coal  of  South  Stafibrdshire. 

Sometimes  the  coal  is  worked  from  the  extremities,  and  if 
the  gob  fires,  a  breadth  of  coal  is  abandoned,  and  strong 
stoppings  are  put  in  the  roads  driven  through  the  barriers. 

A  goaf  generally  contains  more  or  less  fire-damp,  kept  in 
its  situation  by  the  air  sweeping  the  edges.  When  the  barred 
off  portion  of  a  mine  contains  goaf,  it  is  probable  that  the  gas 
released  from  the  goaf  may  form,  with  the  air  and  the  products 
of  the  combustion,  a  mixture  that  will  not  explode.  The  fire 
feeding  on  the  oxygen  of  the  air  is  lessening  the  supply 
continually,  so  in  all  probability  the  more  gas  there  is 
released  in  a  body  from  the  goaf  the  less  is  the  danger  of 
explosion. 

Much  doubtless  depends  on  the  state  of  the  workings 
when  it  is  determined  to  bar-off  a  standing  fire.  If  fire- 
damp is  known  to  be  standing  in  the  workings,  it  requires 
to  be  kept  as  pure  as  possible. 
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When  the  writer  was  in  Staffordshire,  it  was  a  oommoii 
Baying  that  if  a  mine  did  not  fire  within  two  hours  after 
being  sealed  it  was  safe.  Without  going  so  far,  the  writer 
must  say  that  in  several  instances  which  have  come  under 
his  observation  an  explosion  has  taken  place  within  that 
period.  Why  and  wherefore  he  is  imable  to  say.  The 
diffusion^of  gases  has  doubtless  something  to  do  with  the 
matter ;  but  a  mine  is  not  like  a  laboratory,  and  with  all 
judgment  attainable,  assisted  by  experience,  sealing  up  a 
mine  must  of  necessity  partake  somewhat  of  the  nature  of 
"  a  leap  in  the  dark." 

Mr.  Buddie,  in  his  evidence  before  a  Parliamentary 
Commission  in  1835,  gives  an  account  of  gas,  which  was 
lighted  in  a  partially  stored  bord  at  Wallsend  Colliery, 
being  extinguished  by  the  conclission  produced  by  firing  a 
fast  shot,  drilled  into  the  roof  near  the  entrance.  He  also 
mentions  providing  small  cannons  for  use  in  similar  oases ; 
and  the  writer  has  heard  of  similar  provision  at  a  Lancashire 
colliery  in  bygone  days. 

Sometimes  a  fire  occurs  which  it  is  impossible  to  approach 
sufficiently  near  to  reach  with  water,  or  in  some  cases  to 
judge  of  its  extent.  In  others  it  is  even  impossible  to 
ascertain  the  locality.  Then  but  two  courses  are  immediately 
open— one  being  the  flooding  of  the  mine,  the  other  stopping 
the  air,  either  by  sealing  the  shafts  or  the  airways.  The 
first  method  is  highly  undesirable  if  the  workings  are  situate 
on  the  rise  of  the  shaft,  and  have  no  level  communication 
therewith  from  their  highest  point.  A  case  came  imder  the 
writer's  notice  some  years  ago,  when  the  mine  was  flooded  to 
extinguish  a  fire  on  the  rise.  The  water  rose  in  the  shafts 
to  a  point  verj*^  considerably  above  the  level  of  the  extreme 
rise  workings,  and  was  allowed  to  remain  in  for  seven 
weeks.  Several  "water  blasts"  occurred  in  course  of 
winding  it  out,  and  on  exploration  of  the  mine  it  was  found 
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that  the  fire  was  still  buming,  the  water  never  having 
reached  it.  The  reason  for  this  was  obvious — the  air  being 
compressed  to  such  an  extent  as  to  resist  the  weight  of 
water  and  aUow  it  to  rise  in  the  shafts. 

Flooding  a  mine  generally  brings  down  the  roof  and 
causes  the  floor  to  swell,  often  to  such  an  extent  that  it  is 
found  better  to  drive  new  roads  than  attempt  to  re-open  the 
old.  This  is  more  especially  the  case  where  the  inclination 
of-  the  strata  is  steep ;  and  the  expedient  is  hardly  one  to 
be  adopted  on  a  large  scale,  unless  circumstances  render 
other  means  impracticable  or  unadvisable. 

The  writer  has  not  seen  the  application  of  carbonic  acid  to 
extinguish  underground  fires,  but  doubtless  some  gentlemen 
here  present  have.  In  the  minutes  of  evidence  before  the 
Select  Committee  on  the  Prevention  of  Accidents  in  Coal 
Mines,  June,  1849,  will  be  foimd  some  valuable  and 
interesting  evidence  respecting  this  method,  chiefly  given 
by  Mr.  Goldsworthy  Gumey. 

Whatever  means  are  adopted  in  dealing  with  underground 
fire,  it  is  not  desirable  to  have  in  the  pit  more  men  than  are 
strictly  necessary  for  conducting  the  operations. 

On  the  occurrence  of  a  fire,  if  no  means  of  extinction  are 
immediately  available,  it  may  sometimes  be  advisable  to 
lessen  its  intensity  by  closing  some  of  the  approaches  to  it 
by  means  of  brattice  or  other  available  materials. 

Underground  fires  travel  against  the  air,  and  in  some 
cases  it  might  be  good  policy  to  *'  draw"  the  fire  by  turning 
a  quantity  of  air  through  it. 

Sulphur  is  a  very  efiectual  extinguisher,  and  might 
possibly  be  of  use  thrown  into  a  fire,  due  care  being  taken 
to  have  no  one  in  the  return  airways. 

But  let  all  the  precautions  be  taken  that  human  foresight 
can  devise,  fires  will  still  occur,  and  after  all,  the  chief 
remedy  is  promptitude  in  dealing  with  them.     A  mine  is 
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not  like  a  workshop,  where  the  oyerlooker  may  go  fnm 
room  to  room,  and  see  the  workmen  at  a  glance ;  and  thii 
constitutes  a  source  of  extra  liability  to  danger. 


Mr.  DiCKiMsoK  said  he  had  assisted  in  eoctingiiidiiiig 
many  fires  in  coal  mines.  They  were  very  disagreeable  matten 
to  Lave  in  hand ;  but  it  was  a  saying  of  a  former  firiend  of 
his  that  a  fire  in  a  colliery,  now  and  then,  did  mubh  good, 
by  giving  instruction  to  men  how  to  treat  such  difiUmliies 
when  they  arose.  StOl  a  fire  was  one  of  &ose  things  which 
any  mine  owner  would  desire  to  keep  as  far  off  as  possiUa 
Mr.  GhrimshaVs  paper  was  a  very  practical  one,  and  it  was 
one  which  would  bear  reading  and  studying  mate  peihqps 
than  criticising.  There  was,  howeyer,  one  point  upon  whioh 
he  would  like  to  make  an  observation ;  that  was  with  regard 
to  sulphurous  acid  gas.  It  was  25  years  ago  sinoe  than 
was  an  underground  fire  in  the  Great  Lever  CoUiery,  near 
Bolton,  belonging  to  the  Earl  of  Bradford.  Mr.  Ghimey 
was  sent  for,  and  he  came  and  applied  his  apparatus,  first 
with  a  coke  fire  to  produce  carbonic  acid,  &c.,  and  afterwards 
with  sulphur  and  salt,  to  produce  other  noxious  gases  which 
Mr.  Grimshaw  had  alluded  to.  But  when  they  came  to 
open  out  that  colliery  some  weeks  afterwards  the  fire  was 
still  found  to  be  burning,  and  it  had  eventually  to  be  put 
out  with  water.  The  application  of  carbonic  acid  gas — ^that 
was  the  forcing  in  of  a  current  of  carbonic  acid  or  any  other 
gas — ^was,  according  to  his  (Mr.  Dickinson's)  experience, 
rather  injurious  than  otherwise,  because  the  current  it 
created  carried  some  air  with  it,  which  tended  to  fan  the 
flames  and  promote  combustion,  whilst  a  quiet  atmosphere, 
shut  off,  had  the  reverse  effect.  He  had  been  reminded  that 
limestone  was  also  put  into  the  fire  with  the  salt  and  sulphur 
at  the  Great  Lever  Collierv,  but  without  effect. 


231 

Mr.  Grimshaw  said  he  had  not  seen  Mr.  Goldsworthy 
Gumey's  system  tried,  but  from  what  he  could  gather  from 
the  accounts  of  it,  he  should  say  there  was  from  eight  to  ten 
times  as  much  air  as  carbonic  acid  sent  into  the  mine  by  it. 
Carbonic  acid  might  perhaps  be  sent  down  a  mine  compara- 
tively pure  by  means  of  fon-e  pumps,  or  possibly  in  a 
solidified  form  at  some  future  time. 

Mr.  Dickinson  said  there  was  another  point  that  might 
be  named.  It  was  as  to  the  utility  of  shutting  off  the  return 
air  course  as  well  as  the  intake.  In  his  practice  he  had 
preferred  shutting  off  both  for  many  reasons — for  instance, 
if  a  heavy  fall  of  roof  took  place  in  the  part  of  the  mine 
shut  off,  it  might  have  the  effect  of  driving  out  a  large 
quantity  of  irrespirable  air  which  might  suffocate  perwns. 
Another  reason  was  that  with  increasing  atmospheric  pies- 
sure  there  was  a  tendency  for  air  to  draw  inwards,  even 
with  stoppings.  Therefore  it  was  better  that  both  intake 
and  return  courses  should  be  stopped,  leaving,  of  course,  a 
safety  valve  to  mitigate  the  pressure,  so  that  the  stoppings 
might  not  be  forced  down  by  the  pressure  of  gas  inside,  and 
aLso  for  an  opening  to  test  by. 

Mr.  Thompson  said  in  the  case  of  a  fire  with  which  he  had 
t-*  do,  and  on  which  he  read  a  short  paper  before  the  Society, 
he  made  observations  three  times  daily  for  months  through 
such  a  valve  as  Mr.  Grimwhaw  had  described.  The  registered 
temperature  was  78°,  but  when  they  got  into  the  mine  he 
took  observations  up  to  94°  within  twelve  yards  of  the  point 
where  78°  had  been  registered,  clearly  showing  that  slinging 
a  thermometer  opposite  the  mouthing  of  a  mine  on  fire  gave 
results  that  were  practically  valueless. 

Mr.  Dickinson  said  that  when  a  mine  was  built  off  they 
hHd  only  a  limited  number  of  ways  of  judging  whether  the  fire 
was  out  or  not.  Temperature  might  not  be  an  infallible  g^ide, 
but  if,  having  shut  a  mine  off,  they  found  the  temperature 
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registering  Bay  100^  and  that  gradually  deelining  until  it 
reached  the  natural  temperature  of  the  mine^  it  was  acime 
guide  to  go  by.  They  might  also  judge  somewhat  by  the 
smell,  and  by  the  purity  of  the  gas  that  came  off.  There 
was  generally  a  peculiar  stink  in  the  tras  that  came  from  a 
mine  on  fire,  and  the  fire-damp  was  generally  less  explosive 
when  mixed  with  the  products  of  combustion.  ThereSore^ 
when  the  temperature  had  gone  down,  and  the  outcome  was 
of  ordinary  smell  and  in  a  highly  explosive  state,  they 
served  as  guides,  but  beyond  those  indications  there  were 
few,  if  any  other,  things  by  which  to  judge. 

Mr.  Smethurst  pointed  out  a  difficulty  in  the  use  of 
carbonic  acid  gas  for  extinguishing  fires  in  thick  seanu^ 
arising  from  the  immense  volume  of  that  gas  which  was 
reqxiired  to  displace  the  atmospheric  air.  In  the  mode 
adopted  of  shutting  off  the  air  in  a  mine  people  sometimes 
made  a  great  mistake.  They  imagined  that  they  had  shut 
it  off,  when,  in  fact,  they  had  done  nothing  of  the  sort.  It 
was  difficult  in  a  pit  to  fix  a  scaffold  that  would  effectually 
do  it.  The  vacuum  caused  by  the  hot  air  ascending  the 
upcast  shaft,  and  the  cool  being  shut  off  in  the  downcast, 
would  have  the  effect  frequently  of  drawing  in  the  air  past 
the  scaffold,  or,  if  the  scaffold  was  tight,  of  breaking  it 
The  only  effectual  means  of  extinguishing  fire,  as  far  as  he 
had  seen,  was  by  putting  in  water.  He  was  at  Pearson  and 
Knowles's  pits  when  they  were  on  fire.  The  pits  were  shut 
off  for  a  considerable  time,  and  the  fire  was  thought  to  have 
been  effectually  subdued;  but  when  opened  an  explosio 
occurred  from  fire  still  remaining,  and  five  men  were  killed 

Mr.  H.  Woodward  said  he  hod  tried  several  experiment£ 
with  the  thermometer  in  a  closed  mine,  such  as  the  readei 
of  the  paper  had  pointed  out,  and  he  hud  found  that,  whils 
the  temperature  at  the  stoppings,   which  had  been  in  fo 
months,  was  very  low,  on  entering  the  closed  off  part  of  th* 
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mine^  a  large  fall  of  roof  having  occoiTed  at  the  beat  of  the 
fire,  no  indications  of  combustion  coidd  be  perceived,  yet 
when  they  came  to  move  the  dirt  they  found  that  the  iii*e 
was  still  burning,  although  the  temperature  did  not  increabc 
more  than  five  or  six  degrees  from  what  it  was  at  the 
stoppings,  150  yaixls  away.  Ho  quite  agreed  with  Mr. 
Dickinson  as  to  the  desirableness  of  closing  both  levels — in 
fttct,  all  communications — ^for  fear  of  a  fall  of  roof  liberating 
a  large  volume  of  gas. 
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MANCHESTER  GEOLOGICAL  SOCIETY. 


Paet  XI.  Vol.  XIV.  Session  1876-7. 


At  the  Ordinary  Meeting  of  the  Society,  held  at  the 
House  of  the  Literary  and  Philosophical  Society,  Oeorge 
Street,  on  Tuesday,  24th  April,  1877  ; 

Mr.  John  Aitken,  V.P.,  F.G.S.,  in  the  Chair. 

The  following  gentlemen  were  elected  Ordinary  Members 
of  the  Society: — Mr.  Thomas  Edmondson,  Cliviger  Col- 
lieries, near  Burnley ;  Mr.  Rooke  Pennington,  F.G.S., 
Bolton ;  Mr.  P.  W.  Pickup,  Dunkenhalgh  Collieries,  Church, 
near  Accrington ;  Mr.  John  Waddington,  Mining  Engineer, 
Burnley. 


The  following  paper  was  read : — 

ON  ROLLED   PEBBLES  FROM   THE   BEACH  AT 

DUNBAR. 

By  W.  J.  Black,  F.R.C.S.E. 

Several  specimens  of  rolled  pebbles  from  the  beach  at 
Dunbar  were  exhibited,  and  the  process  of  formation  des- 
cribed of  new  pebble  banks  thrown  up  by  the  late  winter 
gales,  which  might  be  applicable  to  larger  ones  elsewhere. 
At  Dunbar,  a  bank  or  ridge  of  the  Links  on  the  coast  seemed 
to  be  the  proximate  cause  of  the  rising  of  the  stone  bank  in 
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front  and  upon  it^  as  it  opposed  a  bitekwater  to  tih6  land- 
ward migration  of  the  iftones  driven  in  by  (be  sea  WBven 
Explanations  were  also  entered  into  to  account  lor  lb 
transportation  of  pebbles  up  abank  on  to  its  crest,  and  along 
its  sides^  by  the  difference  of  the  forces  of  the  soiy  upwaids 
and  that  of  gravitation  downwards. 

Three  typical  forms  of  pebbles  were  described  oUoiq^ 
flat^  and  oval  ellipsoids,  and  these  shapes  were  probably  doe 
to  different  amounts  of  rolling  upwards  of  the  surf  and 
sliding  downwards  of  the  backwater. 

A  difference  of  action  was  also  suggested  between  warns 
on  pebble  beaches  and  on  sandy  shores,  where  the  foniMr 
were  shovelled  up  by  the  downward  plunge  of  the  anr^  and 
the  latter  levelled  down  by  the  return  wash  from  (be  omt 
carrying  the  lighter  and  smaller  particles. 
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OF  THE 

MANCHESTER   GEOLOGICAL   SOCIETY. 

Paht  XII.  Vol.  XIV.  Session  1876-7. 


At  the  Ordinary  Meeting  of  the  members,  held  at  the 
House  of  the  Literary  and  Philosophical  Society,  George 
Street,  on  Tuesday,  29th  May,  1877  ; 

Professor  W.  Boyd  Dawkins,  M.A.,  F.R.S.,  President, 

in  the  Chair. 


THE  LATE  Sir  JAMES  P.  KAY-SHUTTLEWORTH, 

Bart. 


The  President  said :  Before  we  commence  the  ordinary 
business,  I  think  that  I  ought  to  call  the  attention  of 
the  Society  to  the  death  of  Sir  James  P.  Kay-Shuttleworth, 
one  of  our  oldest  members.  He  was  a  man,  as  most 
of  us  know,  of  very  varied  attainments  and  one  who 
had  sympathy  with  knowledge  in  whatever  shape  it 
present^  itself.  He  was  certainly  one  whom  Lancashire 
could  ill  afford  to  spare,  for  owing  to  his  peculiar  position 
in  the  world  of  politics  he  was  a  man  who  always  had 
the  opportunity  of  giving  valuable  aid  to  any  scientific 
body  that  was  struggling  into  existence.  From  my  personal 
contact  with  him  I  would  wish  to  say  that,  in  regard 
to  anjrthing  out  of  the  ordinary  groove — for  example,  such 
a  work  as  the  exploration  of  a  Cave,  or  anything  in 
connection  with  education,  and  especially  scientific  education. 
Sir  James  P.  Kay-Shuttleworth  was  ^  man  to  whom  appeal 
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was  never  made  in  vain  without  kindly  xeepooae.  I  an 
•are  we  must  all  regret  the  losa  the  Society  has  met  with 
by  his  death. 


OLD  OAK  TREES  IN  THE  BED  OF  THE  mWELL^ 

AT  BROOKSBOTTOMS. 

Bt  Rbv.  Addison  Cbofton,  M.A. 


The  river  Irwell,  in  its  course  from  Rossendale  to  Buy, 
makes  several  large  bends^  the  space  enclosed  in  whieh 
consiBts  of  low  flat  pasture  land,  and  is  commonly  snppossd 
to  occupy  the  site  of  an  ancient  seriesof  lakes.  These  senu- 
circular  pasture  lands  are  called  in  the  neighbourhood 
*'  bottoms ;  **  the  best  known  giving  its  name  to  the  village 
of  Ramsbottom,  and  another,  the  next  in  succession  dowH" 
stream,  being  styled  "  Brooksbottoms." 

At  this  latter  place  stands  the  village  of  Summerseat, 
partly  on  the  low-lying  ground  and  partly  on  the  slopei 
enclosing  it,  and  there  is  a  station  on  the  East  Lancashire 
line  from  which  the  semicircle  of  alluvial  ground  is  well 
seen. 

There  are  several  large  mills  in  the  village,  and  the  river 
has  been  much  diverted  from  its  old  course  to  feed  the 
necessary  lodges  and  ponds ;  but  beside  these  alterationa 
there  has  obviously  been  a  change  in  the  river-bed,  made 
before  the  mills  were  built  or  the  water-courses  cut; 
and  even  a  superficial  observer,  standing  on  the  hill  above 
the  railway  station,  would  be  struck,  I  think,  with  the  pro- 
bability of  the  river  having  run  roimd  the  circumference  of 
the  semicircle,  instead  of  as  now,  along  the  diameter. 

The  question  would  consequently  arise,  "  what  caused  the 
alteration  P ''    It  cannot  be  the  wearing  away  of  the  banka^ 
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because  the  well-known  law  of  rivers  is  that  they  scoop  out 
the  outer,  not  the  inner  side  of  their  curves,  and  the  wearing 
away  of  the  bank  would  consequently  increase,  instead  of 
diminishing,  the  distance  travelled  by  the  stream.  After 
many  visits  to  the  spot  at  various  times,  I  am  inclined  to 
the  opinion  that  the  river  did  run  formerly  along  the  outer 
curve  of  the  valley, — that,  in  fact,  it  caused  the  valley,  and 
that  the  slipping  down,  winter  after  winter,  of  an  immense 
mass  of  northern  drift  on  the  side  of  the  stream,  gradually 
overcame  the  force  of  the  water  and  drove  it  back. 

This  predominance  of  the  landslip  action  over  the  wearing . 
of  the  river  would  not  take  place  until  the  stream  was  much 
reduced  in  speed,  either  by  a  decreased  rainfall,  as  woods 
were  felled  and  forests  cleared,  or  by  the  partial  blocking 
up,  at  a  place  called  "  Forest,"  of  the  outlet  of  the  water. 
If  the  rainfall  were  lessened,  the  violent  winter  floods  would 
be  less  frequent  and  less  powerful,  and  if  the  outlet  were 
closed,  a  lake  would  form  above  the  obstruction,  and  the 
drifts  would  meet  with  but  little  resistance  in  their  continual 
effort  to  fill  up  the  channel. 

That  the  river  was  held  back  at  the  narrow  gorge  of 
Forest,  is,  I  think  by  no  means  improbable ;  and  that  the 
drift  deposits  are  continually  slipping  down  may  be  plainly 
seen  after  any  long  continuance  of  wet  weather. 

The  soil  of  the  low  ground  is  alluvial,  and  quite  recently, 
when  the  foundations  were  being  dug  out  for  some  gas 
works,  a  number  of  large  oak  trees  were  discovered,  lying 
under  many  feet  of  coarse  river-gravel  and  sand,  deeply 
stained,  and  saturated  with  water.  These  I  saw,  soon  after 
they  were  laid  bare,  having  been  informed  of  their  discovery 
by  Mr.  John  Hall,  of  Baldingstone,  a  member  of  this 
Society ;  they  lay  in  various  directions  and  had  been  much 
water-worn  before  they  were  deposited  in  their  present 
position ;   the  outer  portions  were  as  soft  as  cheese,   the 
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inner  firm  and  sound ;  they  lay  at  various  depths  and  were 
in  different  stages  of  preservation. 

Above  them^  on  the  side  nearer  to  the  present  river- 
course  was  a  thin  line  of  peat,  not  more  than  half-an-inch 
in  thickness,  and  a  layer  of  sand,  deeply  stained  with  iron 
oxide,  and  both  above  and  below  them  were  hundreds  of 
large  and  small  boulders,  many  of  which  appeared  to  have 
travelled  no  great  distance  in  the  river,  but  to  have  rolled 
down  out  of  the  drift  deposit  which  lies  immediately  above 
the  place :  mingled  with  these  were  small  stones  and  gravel, 
which  belong  to  the  rocks  of  the  neighbourhood  and  were 
I'olled  quite  smooth. 

The  points,  therefore,  that  I  wish  to  advance  are  that  the 
Ii'well  in  the  days  of  its  might,  scooped  out  this  valley  of 
Brooksbottoms,  and  then,  when  it  declined  in  power,  the 
gravelly  banks  encroached  upon  it,  driving  it  back  year  by 
year,  aided  perhaps  by  a  temporary  damming  up  of  the 
water,  until  the  course  was  removed  some  50  yards  from  the 
old  channel. 

Similar  deposits  of  trec-tnmks  and  of  peat  with  hazel 
nuts  have  been  noticed,  I  am  told,  near  Clifton,  and  at  other 
points  on  the  river,  of  which  some  specimens  have  come 
into  my  possession,  and  lie  now  on  the  table  for  inspection. 

Mr.  De  Range  said  that  one  or  two  points  had  presented 
themselves  to  him,  in  the  valley  of  the  Ribble,  which  ajipeared 
to  throw  light  on  this  interesting  paper.  They  had  in  the 
Ribble  an  analogous  valley  to  that  which  Mr.  Crofton  had 
described  in  the  Irwell,  banks  of  glacial  drift  180  feet  high, 
at  the  foot  of  which  occurs  the  ordinarv  alluvium.  On  the 
banks  of  this  drift  there  were  river  terraces,  one  below  the 
other,  and  when  these  were  examined  thev  were  foimd 
pretty  generally  to  contain  one  sequence  of  deposits  :  first  a 
fine  mud,  then  a  peaty  bed  containing  very  often  trunks  of 
trees,  and  beneath  that,  very  large  gravel.     It  was  quite 
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dear,  as  they  had  a  valley  180  feet  deep  entirely  excavated  in* 
these  drift  deposits,  the  formation  of  the  whole  of  that  valley 
was  of  a  later  date  than  the  deposition  of  those  deposits 
which  originally  extended  right  across.  In  other  words, 
the  Bibble  valley  between  Preston  and  Blackburn  was 
entirely  post^-glacial.  When  they  examined  the  terre^ces 
referred  to — take  the  lowest  for  example — they  had  at  the 
top  a  fine  material,  and  at  the  bottom  larger  gravel ;  and  it 
would  seem  the  latter  represented  the  period  of  denudation, 
the  fragments  it  contained  being  entirely  derived  from 
boulder  beds  above.  It  was  clear  from  an  examination  of 
these  terraces,  which  were  nowhere  better  marked  than  in 
the  valleys  of  the  Irwell  and  the  Mersey,  that  the  lower 
ones  were  the  more  recent,  and  the  lowest  level  of  the  plain 
was  the  newest  in  point  of  time.  In  examining  the  alluvium 
of  such  a  river  as  the  Ribble  they  foimd  the  same  sequence 
of  events.  It  was  evident  that  a  period  had  been 
arrived  at  when  very  little  denudation  was  going  on  and 
fine  flood-matter  was  brought  by  the  rivers  and  spread  abroad 
over  the  country ;  but  there  was  one  interesting  thing  in 
connection  with  those  beds.  There  was  a  peaty  seam,  with 
trunks  of  trees,  in  the  Hibble  valley  lowest  alluvial  plain : 
in  following  that  out  into  the  great  peat  plain  of  Lanca- 
shire they  would  find  the  deposition  of  the  latter 
continuous  in  point  of  time  with  that  particular  peaty 
seam  which  was  foimd  at  the  bottoms  of  the  broad  valleys, 
therefore  he  could  not  but  think  that  the  forests  which 
grew  in  "West  Lancashire  before  the  deposition  of  the 
thick  peat  of  Lancashire  belonged  to  about  the  same  period 
of  time  as  those  trees  which  were  so  frequently  turning  up 
in  the  bottoms  of  the  river  valleys,  and  that  the  peat  was 
somewhat  newer,  in  time,  than  the  trees  found  lying  at 
the  bottom  of  the  alluvium  which  forms  the  lowest  plains. 
Mr.  WooDWABD  said  that  a  specimen  of  oak  shown  by  Mr. 
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Crofton,  from  Clifton,  was  only  a  small  proportion  of  what 
had  been  found  there.  Trunks  of  trees  had  been  found 
18  or  20  ft.  long,  and  from  1  to  2  ft.  in  diameter.  Above 
them  lay  a  bed  of  clay  3  ft.  or  4  ft.  thick,  and  below  thai 
again  a  boulder  and  sand  bed.  Where  the  trees  were  found 
there  was  a  peat  bed  2  ft.  or  8  ft.  thick,  and  almost  immedi- 
ately below  it  a  coal  seam  about  2  ft.  thick.  Excavatioiia 
were  still  being  carried  on,  and  a  further  considerable 
deposit  of  oaks  would  probably  be  found. 

The  President  said  there  was  one  point  on  which  he 
desired  to  say  a  few  words,  the  correlation  whidii  Mr. 
De  Ranee  had  made  of  the  peat  layer  which  contained  the 
tree  trunks,  to  the  rooted  stumps  of  the  trees  which  ocoor 
beneath  the  peat  of  Lancashire.  It  appeared  to  him  (the 
President)  that  that  was  a  very  important  correlatioD, 
because  they  knew  that  the  buried  surface  of  forest  growth 
was  one  which  was  not  at  all  peculiar  to  the  peat  of 
Lancashire — but  that  it  occurred  all  along  the  sea  boaid 
of  Lancashire,  wherever  there  was  any  great  stretch  of 
sand  exposed  between  high  and  low  water  marks. 
Whether  it  were  Fleetwood  or  Liverpool,  made  no  matter : 
there  they  got  the  same  stumps  of  trees  which  could  be 
traced  inland  tc  the  trunks  which  were  to  be  foimd 
underneath  the  great  deposit  of  peat  at  Chat  Moss  and  in 
other  similar  localities.  The  ancient  forest  extended 
around  our  coast,  occupying  the  same  horizon  from  some 
point  near,  or  below,  high  water  mark  to  some  20  or  30  ft 
below  low  water  mark.  With  regard  to  its  precise 
geological  position,  he  thought  that  point  was  satisfactorily 
settled  by  the  remains  of  animals  which  were  found  in  it 
They  found,  amongst  numerous  other  species,  the  ox  which 
was  introduced  by  the  neolithic  peoples  into  Europe — the 
bos  longifronSy  or  short-homed  ox — now  foimd  to  be  living 
in  the  small  Welsh  black  cattle.     Then  there  were  the  roe 
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the  hison.  All  these  animals  wei^  found  in  association  with 
trunks  of  trees,  and  they  evidently  arrived  in  this  area  at  a 
time  when  those  trees  were  living  and  constituted  a 
forest.  This  forest,  from  its  range  below  low  water 
mark,  must  have  grown  at  a  time  when  this  country 
occupied  a  far  greater  geographical  area  than  it  does  now. 
The  presence  of  the  boa  longifrona  stamped  further  the  fact 
that  that  time  was  after  the  introduction  of  that  species  of 
ox  by  the  Neolithic  peoples.  In  other  words,  the  date  of  the 
growth  of  these  forests — the  time  when  they  extended  to  a 
distance  considerably  beyond  the  present  coast  line — was  no 
further  back  than  the  time  when  people  using  polished  stone 
axes  were  in  possession  of  Europe.  This  was  a  very 
interesting  question.  It  touched  the  fringe  of  a  very  large 
subject,  a  subject  which  bore  immediately  on  great  physical 
changes  that  took  place  in  this  country  in  comparatively 
modem  times.  With  regard  to  the  destruction  of  trees  by 
peat,  that  was  a  most  simple  thing.  From  what  he  had 
observed  in  Somersetshire — in  the  great  levels,  which 
occupy  a  considerable  area — the  same  sort  of  thing  had 
happened.  First  of  all  a  forest  had  grown,  consisting  of 
oaks  and  the  like — oaks,  however,  were  the  most  prevalent 
trees — very  little  removed  above  the  level  of  the  nearest 
river.  In  course  of  time,  the  river-course  had  silted  up,  so 
that  the  stream  had  eventually  to  flow  at  a  slightly 
higher  elevation  than  the  surroimding  plain.  Of  course  the 
tendency  of  materials  brought  down  by  floods  would  be  to 
bank  the  river  up,  but  that  bank  not  being  perfect  or 
continuous,  it  ultimatelv  came  about  that  the  river  flowed 
upon  the  crown,  so  to  speak,  of  a  sort  of  arch.  But  that  did 
not  frequently  define  its  course  all  the  year  round ;  in  winter 
the  flood  water  flowed  into  the  area  occupied  by  forest,  and 
then,  what  was  an  area  of  forest-growth  became  converted 
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into  a  stagnant  morass.  The  trees  rotted  at  the  bottom, 
died,  and  were  blown  down  one  by  one,  according  to  the 
direction  of  the  prevalent  winds.  Ultimately  all  got  blown 
down ;  and  then  the  stagnant^  morass  gradually  became 
converted  into  a  peat  bog  by  the  ordinary  processes  of 
vegetable  decay. 

Mr.  Dickinson  said  with  regaixi  to  the  change  of  level 
which  the  President  had  alluded  to  as  having  taken  place 
on  the  Lancashire  Sea  Coast,  he  thought  there  was  no 
question  that  that  change  was  due  in  a  great  measure  to  the 
solution  of  beds  of  rock  salt,  which  formerly  under-lay  that 
portion  of  the  county.  Baines  in  his  Hidory  of  Lancashire, 
gave  the  date  when  Brine  springs  ceased  to  flow  at  the 
Meres,  near  Birkdalo,  two  or  three  miles  from  Southport. 
The  same  stratification  was  visible  at  South  Shore,  Blackpool 
and  elsewhere  along  the  coast. 

The  President  said  that  Mr.  Dickinson's  hypothesis 
would  hardly  work,  in  this  particular  case,  because  the 
remains  of  forest  were  found  below  high  water  mark  in 
regions  wlicre  tlicre  had  never  been  any  rock  salt — ^not 
merely  on  the  western  coast  of  Lancashire,  but  all  round 
our  coa.sts,  for  iiistaiiec  in  the  Bay  of  Cardigan,  in  the 
estuary  of  the  Severn,  and  all  along  the  coast  of  Somerset- 
shire; likewise  in  the  South  of  England,  all  along  the 
coast ;  wherever  they  found  a  shelving  shore,  there  they 
got  this  identical  peat  bed.  It  was  the  stime  on  the  easterr. 
coast,  and  even  in  the  north  of  Scotland ;  so  that  the  change 
of  level  was  not  at  all  a  partial  one  ;  it  was  not  dependent 
on  any  one  set  of  rocks  but  was  found  to  affect  the  country 
generally. 

Mr.  DitKixsox  observed  that  each  case  ought  to  be  dealt 
with  on  its  own  merits.  In  some  of  these  instances  named 
by  the  President  tlie  depression  might  be  attributed,  he 
had  no  doubt,  to  the  cause  he,  Mr.  Dickinson,  had  alluded 
to,  with  reference  to  the  Lancashire  Coast. 
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-  The  Rev.  A.  Ckofton  briefly  I'eplied,  and  stated  that  to 
his  knowledge,  peat  deposits  wete  found  on  the  coast  at 
Hastings,  on  the  "Weald.  This  was  a  fact  which  militated 
against  the  rock  salt  theory. 


THE    LANCASHIRE    COALFIELD. 


The  adjourned  discussion  on  the  paper  read  before  the 
Society,  in  March,  by  Mr.  C.  E.  ife  Ranee,  F.G.S.,  "  On  the 
variation  in  thickness  of  the  Coals  and  Measures  of  the 
Lancashire  Coalfield,"  was  resumed. 

Mr.  De  Raxce  said  he  Tvashed  to  mention  that  at  the 
former  meeting,  when  he  read  his  paper,  Mr.  Dickinson 
asked  his  authority  for  one  of  the  sections — the  Bunaley 
section — and  whether  it  had  been  copied  from  a  section 
prepared  by  Mr.  Wild,  and  published  some  years  ago  in  the 
Transactions  of  this  Society.  He  (Mr.  De  Ranee)  was,  at 
that  time,  unable  to  give  Mr.  Dickinson  information  as  to 
the  source  from  whence  his  colleague.  Professor  Hull, 
procured  the  section;  but  he  stated  that  it  was  reduced 
from  a  published  section  of  the  Geological  Survey  in  the 
neighbourhood  of  Fulledge,  and  one  in  the  neighbourhood 
of  Cliviger.  Not  being  able  to  get  one  continuous  section, 
from  the  top  to  the  bottom  of  the  series,  he  was  forced  to 
connect  those  two  sections  into  one  column.  He  had  since 
found  that  Professor  Hull  obtained  the  Fulledge  Colliery 
section  from  the  late  Sir  J.  P.  Kay-Shuttleworth ;  and  the 
lower,  or  Cliviger  section,  was  procured  from  Mr.  Jobling, 
who  was  manager  of  the  Colliery  at  that  time.  In 
correlating  two  sections  which  were  some  distance  apart, 
of  course  it  was  diflBcult  to  ascertain  the  precise  distance 
betwixt  the  Great  Mine,  which  was  the  lowest  coal  of 
importance  in  the  upper  section,  and  the  China  or  2  feet 
seam,  the  highest  coal  in  the  next  section ;  and  Mr.  St]:ahan, 
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wlio  drew  up  the  Burnley  section,  on  arrivingatthatpariicukr 
point  wrote  "  thickness  doubtful."  It  might  be — though  he 
would  not  say  that  it  was  the  fact — that  there  was,  in  the 
lower  portion  of  the  sect  on  a  certain  gap  wheremeasuresought 
to  be  which  were  not  represented  at  all  in  the  column ;  but 
above  that  point,  the  section  rested  upon  the  accuracy  of  the 
section  given  to  Professor  Hull  by  the  late  Sir  J.  P.  Kay- 
Shuttleworth.  The  accuracy  of  the  lower  portion  rested  on 
information  given  by  Mr,  Jobling:  the  only  point  of 
uncertainty  was  in  the  correlating  one  up  into  the  other. 
He  regretted  that  the  Burnley  column  was  made  up  of  two 
sections,  which  were  two  miles  apart,  because  in  those  two 
miles  it  was  quite  evident  the  thickening  had  taken  place, 
as  at  Wigan,  in  the  direction  of  the  centre  of  the  basin. 
That  being  so  it  would  clearly  be  worth  while  to  produce  a 
set  of  sections  across  the  Burnley  Coalfield,  in  two  different 
directions,  on  the  same  system  that  the  present  section  had 
been  drawn  up.  He  had  to  thank  the  Society  for  the  kind 
way  in  which  his  communication  had  been  received. 
Gentlemen  could  hardly  imagine  the  difficulty  often 
involved  in  settling  even  a  small  point  in  preparing  such 
sections.  Some  little  thing,  in  reading  through  a  section 
was  seen  to  be  probably  inaccurate,  and  to  settle  the  point, 
journeys  in  this  and  that  direction  were  necessaiy,  and  they 
had  to  enquire  of  people  whom,  it  might  be  they  had 
already  troubled  too  much.  He  assured  the  Society  that, 
simple  as  the  sections  looked,  they  had  been  the  source  of 
much  anxiety  and  trouble. 

Mr.  Dickinson  said  he  was  glad  to  seethe  Burnley  section 
put  right,  because  it  had  been  a  blot  in  the  Society's  Trans- 
actions for  some  time.  It  would  have  been  a  pity  to  have 
had  it  perpetuated  in  a  new  paper.  He  was  not  aware  of 
the  difference  to  which  Mr.  De  Ranee  had  alluded,  as  to  the 
variation  of  the  sections  at  Bumlev,  but  he  did  know  this 
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that  in  some  of  the  sinkings  the  distance  between  the  so- 
called  King  coal  and  the  Arley  mine  varied.  That,  how- 
ever, was  explainable  by  the  fact  that  some  of  the  shafts 
which  had  been  simk  had  crossed  faults  in  the  wav.  It 
might  be  taken  as  an  axiom  that  in  sinking  a  shaft  through 
measures  which  lay  so  nearly  level  as  those  at  Burnley,  they 
could  only  shorten  the  distance  of  sinking  between  seam  and 
seam.  The  crossing  of  a  fault  could  not  lengthen  the 
distance :  it  invariably  shortened  it.  Some  Burnley  shafts 
which  had  passed  through  that  so-called  King  coal,  down  to 
the  Arley  mine,  had  crossed  faults,  and  necessarily  shortened 
the  distance.  The  fixing  of  that  as  the  King  coal  was,  of 
itself,  a  very  arbitrary  proceeding.  The  whole  of  the 
Burnley  coalfield  was  only  connected  with  the  main  coalfield 
of  Lancashire  in  its  lower  members :  the  Moimtain  Mine 
series  was  continuous  from  Burnley  to  South  Lancashire, 
but  nowhere  was  the  Arley  Mine  continuous,  and  in  the 
seams  overlying  the  Arley,  including  this  so-called  King 
ooal,  there  were  very  great  changes.  The  "  King  coal  "  in 
the  Burnley  coalfield  varied,  itself,  very  considerably.  In 
some  places  it  formed  an  immense  seam,  about  a  dozen  feet 
thick,  lying  in  one  mass  ;  in  other  places  it  was  divided  out 
into  beds  several  feet  apart,  and  whether  it  was  the  King 
coal  or  not  was  doubtful.  It  might,  for  anything  that  was 
known,  be  a  representative  of  the  Plodder,  or  some  of  those 
mines  ;  so  that  assuming  none  of  the  shafts  to  have  been 
sunk  through  faults,  the  general  principle,  as  regarded  this 
thinning  out  of  strata,  was  borne  out  by  Mr.  De  Ranee's 
paper  with  regard  to  those  seams  in  the  Southern  part  of 
the  coalfield  only. 

Mr.  J.  F.  Seddon  said  that  from  the  comparatively  small 
knowledge  he  had  of  the  Burnley  district  he  was  enabled 
to  some  extent  to  corroborate  Mr.  De  Ranee's  remarks  as 
well  as  those  of  Mr.  Dickinson.     He  perfectly  agreed  with 


Mr.  Diokiiuoii  that  the  oonddAtiaii  of  du  Bmol 
with  that  of  S.W.  Lancaahire  vai  oompleta  < 
lower  minea.  He  did  not  think  that  tiie  kmr 
Coal  at  Bnrnley,  w  rightly  placed  in  the  aebtioD, 
WBB  not  prepared  to  eatet  into  an  arginment  w 
Ranee  apon  the  section  Mr.  De  Bance  mif^t  try^ 
him  that  it  was  rightly  placed  bat  he  did  not  no 
On  the  oiher  band  the  mines  ea  shown  in  tlie  Wig 
in  Mr.  De  Bonce's  section  were  from  his  own  kn 
them  to  a  large  extent  what  Mr,  De  Ranee  had  i 
to  be;  and  also  at  Bnmley,hia  knowledge  of  the  mi 
him  to  believe  that,  with  the  exception  of  the  gap  tc 
De  Ranee  had  alluded,  th^  weramoderately  ooTTeo 
The  PaBSlOBitT  said  it  seemed  to  him  that  the  i 
drawn  by  Mr,  De  Banco  from  these  sections  were  i 
which,  geologically  considered,  were  absolute  b 
possibility  of  correction.  If  the  sections  were  tmi 
De  Ranee's  conclusions  must,  on  the  whole,  be 
With  regard,  however,  to  one  of  his  conclusions- 
to  say,  that  the  depoBition  of  the  lowest  coal  me 
followed  by  a  continued  subsidence,  and  that,  aft 
an  upheaval  took  place  by  which  lines  of  faul 
north  and  south  were  produced,  ho  thought  that 
sition  was  one  which  had  not  altogether  been  p 
was  undoubtedly  true  that  the  flexures  were  proc 
the  deposition  of  the  conl  measures,  but  it  was 
from  the  evidence  in  the  paper,  that  the  faults  were 
after  the  flexures.  It  seemed  to  him  extremely  prt 
some  of  thouc  faults  might  have  been  formed  a 
when  some  of  the  flexures  were  formed.  Reflect 
mode  in  which  the  flexures  were  produced  it  seem 
almost  necessary  that  some  faults  must  have  beei 
at  that  time.  These  flexures,  be  it  remarhed,  we 
by  lateral  pressure.     That  lateral  pressure  was  pr 
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subsidence  :  that  was  to  say,  there  was  a  subsiding  area  on 
the  earthy  crust  which  sank  whilst  the  rest  did  not  sink  at  all. 
It  seemed  to  him  absolutely  necessary,  if  that  by  hypothesis 
that  there  should  be  a  fault  between  the  portions  of  the 
earth's  surface  which  remained  in  situ  and  the  portion  that 
subsided  and  caused  these  flexures.  It  was,  therefore, 
exceedingly  likely  that  some  of  the  faults  affecting  the  coal 
measures  that  have  been  produced  at  the  same  time  as,  on 
even  before,  the  flexures. 

Mr.  Dk  Ranxe  in  replying  said  that  on  this  question  of 
faults  he  had  been  guided  by  researches  of  Mr.  J. 
M.  Wilson,  M.A.,  and  the  ground  he  had  taken  up  was  that 
the  flexures  were  produced  by  one  set  of  motions  at  one 
period  and  the  faults  by  another  set  of  motions  at  another. 
The  President  had  taken  exception  to  this ;  but  it  was  so 
large  a  question  that  he  (Mr.  De  Ranee)  must  be  excused  if, 
at  that  time,  he  did  not  go  into  i\.  His  great  object  in 
bringing  those  sections  before  the  Society  was  to  show  what 
they  were  doing,  in  the  Geological  survey,  in  aiTanging 
sections  in  definite  directions.  These,  it  seemed  to  him, 
threw  practical  light  on  matters  of  great  importance  for 
Geologists  to  know ;  and  the  Society,  numbering  amongst 
its  members  many  colliery  managers  and  mining  engineers, 
was  peculiarly  fitted  for  carrying  out  such  investigations. 
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The  Concluding  Meeting  of  the  Society,  for  the  Session, 
was  held  at  the  House  of  the  Literary  and  Philosophical 
Society,  George  Street,  on  Tuesday,  23rd  June,  1877  ; 

Mr.  John  Aitken,  V.P.,  F.G.S.,  in  the  Chair. 

The  following  gentlemen  were  elected  Ordinary  Members: 
Mr.  Jos  Derry,  Sneyd  Collieries,  Burslem;  Mr.  Robert 
Handsley,  Burnley ;  Mr.  John  Jobling,  Cliviger  Collieries, 
near  Burnley ;  Mr.  James  Lord,  Stonehill  Colliery,  Fam- 
worth ;  Mr.  Henry  Waddington,  Burnley ;  Mr.  J.  F.  Wal- 
ton, Fern  Lea,  Rawtenstall ;  and  M.  Charles  Brongniart, 
Paris ;  M.  Ernest  Vanden  Broeck,  Brussels ;  Dr.  F.  V. 
Hayden,  F.G.S.,  State  Geologist,  Washington,  XJ.SA.,  were 
elected  Honorary  Members  of  the  Society. 


REMARKS  ON  THE  RECENT  GEOLOGY  OP  ITALY. 

SUGGESTED  BY  A  SHORT  VISIT  TO  bICILY,  CALABRIA,  AND 

ISCHIA. 

Br  Abthub  William  Watebs,  F.G.S. 


In  a  paper*  I  read  a  few  weeks  ago,  in  this  room,  to  another 
Society,  pointing  out  how  much  more  satisfactory  an  explan- 
ation a  geographical  change  of  the  position  of  the  axis  of 

*  "  Enquiries  concerning  a  Change  of  Position  of  the  Earth's  Asia.*' 
Proc.  Manchester  Lit.  and  Phil.  Soc.,  March  6th,  1877,  vol  xvi,  No.  10. 
This  will  shortly  be  published  in  full  in  the  Transactions  of  the  Lit  and 
Phil.  Soc. 
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the  earth  would  give  of  the  wann  periods  which  have 
existed  in  high  northern  latitudes,  than  any  other  that  has 
yet  been  brought  forward,  I  suggested  whether  the  very 
larg^  and  constant  changes  of  the  land  and  sea  might  not 
furnish  an  explanation  of  a  much  larger  variation  than  when 
the  amount  of  ultimate  change  alone  is  considered.  I  then 
casually  said  that  "  if  we  turn  to  the  North  of  Europe  as  in 
Belgium ;  or  to  Italy,  we  find  for  a  general  elevation  of  a  few 
hundred  feet  to  have  taken  place  since  the  middle  of  the 
tertiaries  there  have  been  subsidences  and  elevations  of 
many  thousand  feet."  I  said  this  as  being  the  countries  in 
which  I  had  more  closely  considered  these  changes,  but  not 
as  being  those  in  which  of  necessity  the  changes  had  been 
more  than  in  other  lands. 

I  have,  therefore,  thought  that  a  few  remarks  on  a  visit 
to  Sicily  and  Calabria,  and  to  the  Island  of  Ischia,  to  each 
of  which  places  I  was  only  able  to  devote  a  few  days,  may 
give  me  the  opportunity  of  showing  the  members  of  this 
Society  that  the  remarks  were  not  made  without  sufficient 
ground. 

The  formation  in  each  of  the  places  about  to  be  considered 
is  recent  tertiary. 

As  I  am  speaking  to  geologists  I  do  not  need  to  remind 
you  of  the  general  classification  of  the  tertiaries,  as  no  doubt 
all  present  are  fully  acquainted  with  L veil's  works,  and 
know  that  he  divided  the  Cainozoic  into  three  divisions, 
according  to  the  per  centage  of  species  now  li\'ing,  which 
the  fossil  mollusca  furnish.  The  Eocene  (the  oldest 
division),  according  to  the  knowledge  at  that  time  of  the 
fossil  and  living  fauna,  had  3 J  per  cent,  of  recent  species,  as 
in  the  Paris  and  London  basins ;  the  Miocene  17  per  cent  in 
the  Loire  and  Gironde ;  the  older  Pliocene  35 '5  in  the 
Sub-apennine  formation,  while  the  newer  Pliocene  had  up  to 
95  per  cent,  of  species  identical  with  those  now  living.    With 
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additional  knowledge  these  figures  will  be  slightly  altered, 
but  what  has  been  once  fixed  as  typical  Eocene,  Miocene, 
or  Pliocene,  should  always  remain  so,  independently  of 
additional  faunistic  knowledge.  . 

But  if  we  desire  to  follow  the  history  of  the  globe  with 
any  exactness  it  will  be  seen  that  we  must  be  able  to 
compare  formations  in  distant  places,  and  that  we  shall 
require  to  know  that  when  Eocene,  Miocene,  or  Pliocene  is 
spoken  of,  that  the  same  thing  is  always  meant,  and  we 
shall  also  want  a  more  minute  division,  and  for  this  each 
has  been  divided  into  upper,  middle,  or  lower.  If  there 
had  been  uniformity  in  using  these  terms  they  might  have 
answered  every  purpose,  but  as  they  have  been  used  to 
mean  different  formations  it  is  impossible  to  know,  when 
comparing  works  by  different  authors  and  in  various 
countries,  without  the  most  careful  study,  what  may  be 
meant  when  Eocene  or  Miocene  rocks  are  spoken  of,  and 
this  is  the  case  also  with  the  term  Pliocene,  though  not  to 
so  great  an  extent. 

Although  it  requires  research,  and  often  a  very  large 
acquaintance  with  the  tertiaries,  to  be  able  to  solve  the 
meaning  intended  by  the  terms  used,  an  imnecessary  diffi- 
culty has  been  introduced  by  the  creation  of  an  intermediate 
formation — ^the  *01igocan,  as  it  was  thought  that  certain 
fossiliferous  deposits  contained  mixed  Eocene  and  Miocene 
species,  or  in  other  words  it  may  be  said  to  have  been 
invented  to  get  over  the  imcertainty  which  had  arisen  when 
upper  Eocene  and  lower  Miocene  were  in  discussion ;  but 
this  period,  though  comparatively  meagerly  represented  in 
those  localities  which  had  been  taken  as  typical,  were  yet 
present,  though  not  so  luxuriantly  as  in  the  E.  and  S.  East 
of  Europe.  These  deposits  were  certainly  formed  imder 
different  conditions,   and  the  faima  of  these  distant  parts 

*  Ueber  die  Stellimg  der  Hessiachen  Tertiar  bildung  H.  Bejrich,  Berichte 
d.  Alnd  d.  Wissen,  Berlin,  1S64. 
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was  then  different,  so  that  while  the  Miocene  of  Fontain- 
bleau  was  being  laid  down,  fossiliferous  deposits  were  being 
formed  of  great  extent,  and  extending  over  a  long  time  in 
the  North  of  Germany,  in  Styria,  and  in  the  Vicentine,  and 
other  parts  of  Europe,  which  in  their  southern  extension  are 
full  of  a  few  species  of  Nummulites,  a  genus  of  foraminifera 
which  existed  in  the  Eocene  in  a  very  large  number  of 
varieties  or  species  according  to  our  tastes;  but  in  these 
Miocene  beds  of  the  South  East  of  Europe  there  were  only  a 
few  species  as  the  Nummulites  striata,  yariolaria,  intermedia, 
mamillata,  biaritzana.  To  this  period  belong  the  &una8, 
80  rich  in  corals,  &c.,  described  by  Reuss  and  Fuchs, 
and  called  by  geologists  Oligocan,  together  with  the  upper 
Eocene  of  LycU;  but  great  as  is  the  confusion  between 
Eocene  and  Miocene,  it  is  as  nothing  to  the  Oligocan  chaos, 
and  we  may  safely  say  that  no  one  from  the  talented  author 
of  the  term  downwards  now  knows  what  Oligocan  is.  I 
have  found  in  conversation  with  English,  German,  Austrian, 
French,  Belgian,  and  Italian  geologists  that  the  feeling  is 
with  most  very  strong  that  it  is  an  unfortunate  division, 
but  yet  it  has  been  so  largely  introduced  that  though  it  ia 
almost  universally  felt  to  be  a  superfluity  it  is  constantly 
used,  and  it  is  doubtful  if  it  can  be  eradicated. 

These  terms  have  all  been  coined  to  enable  easier  classifi- 
cation, and  for  the  facts  to  be  more  easily  grasped,  and  it  is 
an  agreeable  surprise  to  find  that  when  we  turn  from  terms 
to  the  interpretation  of  facts  there  is  not  so  much  confusion, 
for  although  the  same  beds  may  be  called  lower  or  middle 
Miocene ;  Oligociin,  up])or,  middle,  and  lower ;  or  upper 
Eocene,  yet  we  may  find  the  leading  geologists  throughout 
Europe  all  agreed  that  they  are  of  the  same  age  as  well- 
known  and  typical  beds  which  they  variously  designate. 

Prof.  Carl  Mayer,  of  Ziirich,  who  has  specially  devoted 
himself  to  the  tertiaries,  has  endeavoured  to  arrange  synchro- 
netically  the  tertiaries  of  Europe,  and  his  work,  which  will 
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require  with  increased  knowledge  considerable  modification 
in  some  points,  will  nevertheless  remain  a  most  important 
landmark  in  the  study  of  these  formations. 

He  divides  into  *  fourteen  etages,  and  takes  for  each  some 
typical  or  early  studied  locality,  on  the  same  principle  that 
there  are  in  the  Paleozoic  and  Mesozoic  eras,  Devonian, 
Laurentian,  Silurian,  Jurassic,  Oxfordian,  and  Wealden. 
These  stages  can  in  most  cases  be  subdivided  in  those  locali- 
ties where  they  are  well  developed,  as  for  instance  in  Bel- 
gium, the  Tongrian  can  in  the  neighbourhood  of  Tongres  be 
divided  into  two  or  three  som-itages,  and  so  with  the  others. 

Briefly  considering  the  relative  position  of  those  beds  we 
are  about  to  examine,  we  find  the  European  chalk  closes  not 
with  the  English  white  chalk,  but  with  beds  more  recent  at 
Maestricht,  in  Holland ;  and  the  lowest  tertiaries  are  found 
also  in  the  same  quarter  of  Europe  (in  Belgium),  and  are 
classed  as  Flandrian  or  Garumnian ;  then  follow  the  Reading 
beds,  then  the  London  Clay,  which  we  know  attains  such 
considerable  thickness  at  Sheppey,  to  be  followed  by  forma- 
tions of  the  age  of  those  best  known  in  the  wonderfully  rich 
Paris  basin,  as  at  Grignon.  Then  came  the  Bartonian,  the 
Ligurian,  with  its  enormous  deposits  of  Flysch  in  Switzer- 
land and  Italy,  the  Tongrian,  Aquitanian,  Langhian,  Hel- 
vetian and  Tortonian,  in  all  of  which  we  might  see,  if 
examined  in  detail,  that  great  changes  took  place  in  the 
geography  and  the  life  of  the  places  represented,  and  that 
each  shows  a  record  of  vast  time,  and  those  who  have  given 
attention  to  this  branch  of  geology  will  feel  that  the  greatest 
changes  of  the  Caniozoic  period  have  taken  place,  and  that 
in  fact  we  are  now  getting  to  the  close  of  the  tertiaries,  but 
the  formations  represented  by  the  fossils  on  the  table  belong 

*  Ch.  Mayer  Tableaux  synchr.  des  terrains  tertiares.    Zurich,  1856,  &c. 
Ed.  4me.  1869. 

Ch.  Mayer  ESsaai  et  Prop.  d*ane  dassification  nat.  aua  dem  Programxn  dor 
Eidgen  Polytech.  Schnle,  1874. 
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to  these  later  stages,  and  we  shall  see  how  much  the  onut 
of  the  earth  has  been  moved  even  in  these  later  formatioiu. 
Table  of  the  divisions  of  Mayer : — 

LyelL 


'Miocene 


•  •  •  • 


Ligurian  • 
Bartonian 
Parisian  . 
Londinian 
Soissonian 
Ganmmian  or 
Flandrian    • 


Eocene 


•  •  • 


Saharian \ 

Astian >  Pliocene 

Messinian    .  . .  •  ; 

Tortonian 

Helvetian 

Langhian 

Aquitanian  .  .  •  • 

Tongrian 

Cretaceous. 

When  the  geology  of  a  fresh  district,  or  country,  is 
attacked,  the  formations  must  naturally  at  first  be  divided 
according  to  the  salient  geological  features  of  the  district, 
and  the  names  given  are  sometimes  lithological,  sometimes 
after  the  principal  localities,  sometimes  according  to  the 
leading  fossils,  and  only  after  careful  study  can  they  be 
correlated  with  distant  formations. 

Prof.  Seguenza  has  undertaken  the  study  of  the  *  Sicilian 
tertiaries,  and  has  already  published  stratagraphical  lists  of 
oome  thousands  of  fossils. 

The  divisions  he  makes  are  into  zones  which  he  correlates 
with  Italian  formations.  The  Eocene  are  divided  into  4 
zones ;  the  Oligocan,  2 ;  the  Miocene,  C  ;  the  Pliocene,  4 ; 
and  the  Quaternary  2  zones. 

The  Miocene  in  Sicily  attains  considerable  proportions, 
for  in  many  parts  the  great  conglomerate  beds  alone  are 
1500  feet  in  thickness,   and  considerable  changes  of  the 


♦  Notizio  auecinte  intorno  alia  costituzione  geologica  dei  torreni  tcrziaiii 
del  distrutto  di  Messina  per  G.  tjcguenza,  ISIessina,  18(32. 

Brovissimi  cenni  intomo  la  scrie  terziaria  doUa  Provinzia  di  Messina  per 
O.  {Seguenza.     Boll,  del  Reale  Comitato  Geologico  d*Italia,  vol.  IV.,  1873. 

Studii   stratigrafici  suUa  Fonnuzione  pliocenica  dell*  lUilia  MeridiozuJe 
per  G.  Seguenza.     Boll  del  R.  (Jom.  Geol.,  1873—1877  :  in  progress. 
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reiatiye  level  of  land  and  sea  are  also  here  shown  in  the 
Miocene.  The  fossils  indicate  considerable  depths  for  the 
lower  beds — at  least  some  hundreds  of  feet — when  there 
must  have  been  a  raising  of  the  land,  and  then  must  have 
followed  the  sinking  for  this  conglomerate  formation  of 
more  than  1500  feet  to  be  formed.  This  was  followed  by  a 
rise  when  a  considerable  part  of  the  neighbourhood  was  dry 
land,  and  the  lignite  formation  had  time  to  be  formed,  and 
Rhinoceros  and  Sus  choeroides  wandered  through  the  forests 
and  over  the  hills. 

The  Miocene,  according  to  Seguenza,  ends  with  a  molasse 
alternating  with  sands,  clays,  and  lignite,  which  he  con- 
siders to  be  Tortonian. 

The  lowest  division  of  the  Pliocene  is  zone  4*  of  Segnenza, 
which  is  a  whitish  mame,  very  full  of  foraminifera,  with 
which  in  some  places  alternates  sand  and  limestone,  and  in 
parts  is  rich  in  corals  and  other  fossils.  These  indicate  that 
there  was  a  deep  sea  in  the  neighbourhood  of  Messina,  and 
over  a  great  part  if  not  all  of  Sicily  and  Calabria.  As  this 
formation  indicating  deep  sea  is  of  great  thickness,  to 
estimate  the  amoimt  of  change  of  level  this  thickness  must 
be  added  to  the  depth  at  which  such  a  deposit  could  have 
been  formed.  I  am  not  aware  of  the  maximum  thickness, 
but  it  will  be  not  less  than  300  feet  in  many  places  where  I 
saw  it,  and  the  foramifera  would  indicate  a  depth  of  at 
least  1000  feet.  Now,  as  littoral  formations  belonging  to 
the  upper  zone  of  the  Miocene  (Tortonian)  are  known,  we 
see  there  must  have  been  sinking  of  considerable  amount. 
In  most  of  South  Italy  the  Pliocene  commenced  in  a  deep 
sea. 

This  zone  is  called  by  Prof.  Mayer  *Messinian,  from  being 
characteristically  developed  in  these  localities ;  and,  as  far 

*  It  18  to  be  regretted  that  Prof.  Seguenza  has  not  retained  the  same 
numbering  for  his  zones  in  his  various  papers,  as  in  his  Studii  Stratigrafid, 
loc.  cit  zone  6  is  zone  4  of  the  Pliocene  in  his  Breyissimi  oenni  loo  dt. 

t  This  is  the  Zandean  of  Prof.  Segoeoza. 
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as  present  knowledge  enables  a  judgment  to  be  formed,  are 
usually  considered  of  the  age  of  the  English  Coralline  Crag. 
In  some  parts  of  Sicily  there  are  with  the  mame  beds  also 
sand  strata,  indicating  change  of  level ;  but  m^uch  clearer 
proofs  may  be  found  in  the  North  of  Italy,  where  marine 
strata  alternate  several  times  with  fresh  water,  containing 
beds  of  lignite,  and  furnish  proofs  that  during  the  periods 
of  elevation  forests  have  grown  and  flourished,  and  have 
then  sunk  below  the  sea  level,  and  been  covered  with  marine 
strata  before  another  elevation  formed  them  into  dry  land^ 
for  forests  again  to  grow  and  be  buried. 

M.  Pareto*  says,  when  speaking  of  the  Sienna  beds, 
"tres  remarquable  a  cause  des  altemances  mnltiplieeB  de 
couches  marines  et  de  couches  fluviatiles.''  And,  in  another 
place,  '*  je  ne  pourrais  ajouter  que  des  particularit^s  servant 
&  prouver  que  les  altemances  des  couches  fluviatiles,  et 
marines  sont  bien  plus  nombreuses  encore  qu'on  ne  le 
croyuit." 

The  third  zone  of  the  Pliocene  is  that  which  is  best  repre- 
SiUitixl  in  the  North  of  Italy,  and  contains  part  of  the  blue 
and  yellow  mames  into  which  the  Itaban  Pliocenes  have 
usually  been  divided,  and  which  are  characteristic  formations 
of  the  Xorth  of  Italy. 

Prof.  Seguenza,  who  has  for  so  long  most  ably  worked  at 
the  tertiaries  of  Sicily,  is  now  publishing,  as  already  stated, 
lists  of  the  fossils  from  the  various  zones,  and  in  the  BoUetino 
del  R.  Comititato  Geologico  has  already  (Apiil  number) 
given  1183  fossils  of  this  zone,  with  the  localities  where 
they  are  found.  And  this  list  will  apparently  be  some 
hundred -I  more  before  it  is  completed ;  but  I  find  that  45 
per  cent,  of  the  mollusca  are  of  species  now  living.  This 
number  includes  only  the  mollusca,  and  as  there  is  also  a 


*  Note  8ur  les  subdivisions  quo  V  on  pounuit  etablir  dans  les  teminB 
tcrtiares  do  TApcnnin  septentrional,  par  M.  Ic  Maiquis  L.  Pareto.  BuU.  de 
ia  Soc.  Gcol.  de  France.     2me  ser.  torn  xxii..  1864 — IS65. 
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goodly  number  of  Corals,  Bryozoa,  Foraminifera,  and  Echi* 
modermatay  the  number  of  known  fossils  from  this  zone  will 
now  be  oyer  2000. 

The  proportion  alone  is  not  an  entirely  satisfactory  method 
of  correlating  distant  formations,  as  so  much  depends  upon 
the  character  of  the  beds,  if  deep  or  shallow  water  prevailed, 
and  also  upon  the  individual  tastes  of  the  author,  for  some 
have  a  much  greater  delight  in  a  multitude  of  species  than 
others.  But  in  examining  any  locality,  as  seen  in  Sicily,  it 
yields  most  important  results. 

I  do  not  feel  at  all  competent  to  form  any  decided  opinion 
on  the  correlation  with  the  English  Crags,  but  the  correla- 
tion of  this  deposit  with  the  rest  of  Italy  seems  more 
satisfactory.  According  to  Mr.  Searles  Wood,  in  the  Red 
Crag,  which  these  beds  are  usually  supposed  to  represent, 
25  per  cent,  are  extinct  species,  and  31  per  cent,  in  the 
Coralline  Crag  supposed  to  be  of  the  age  of  the  last  zone. 

It  must  not  be  forgotten  that  the  changes  will  naturally 
have  been  much  greater  where  the  glacial  conditions  have 
exerted  so  much  influence,  and  where  changes  could  be 
introduced  from  larger  areas,  and  this,  I  think,  should  be 
always  kept  in  mind,  where  an  attempt  is  made  to  correlate 
distant  formations,  as  for  instance,  the  Australitm  tertiaries. 
Such  studies  should  receive  great  assistance  from  geo- 
graphical reconstruction  as  soon  as  that  becomes  a  possibility, 
and  although  it  may  seem  very  visionary  at  present,  I 
cannot  help  thinking  that  future  generations  of  geologists 
will  find  this  a  most  useful  adjunct  in  determining  relative 
age. 

Zone  2  and  3  are  the  Astian  of  Prof.  Mayer.  The  name 
is  taken  from  the  well-known  Asti  deposits  which,  according 
to  a  comparison  made  some  time  ago,  contained  42  per  cent. 
of  specie  now  living.  Although  tha  conditions  of  deposi- 
tion are  different,  for  in  Sicily  zone  3  was  mostly  a  deep 
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sea  formation,  while  in  the  North  of  Italy  as  at  Asti  it  was 
littoral  yet  independently  of  the  proportion,  both  paleonto- 
logically  and  stratigraphically,  it  has  been  proved  that  part 
of  these  were  of  the  same  age. 

The  unconformability  of  this  zone  in  many  places  with 
that  below  shows  that  great  local  changes  took  place  in  these 
lower  Pliocene  beds.  At  this  time  it  would  seem  as  if  the 
sea  was  deepest  somewhere  about  the  locality  of  Messina ; 
while  on  the  flanks  of  the  cristalline  moimtains  of  Calabria 
there  are  littoral  deposits. 

When  we  proceed  to  the  next  or  second  cone  of  the 
Pliocene,  the  comparison  with  the  rest  of  Italy  is  not  so 
easy,  because  at  this  time  nearly  all  the  North  was  rtimi 
above  the  sea,  so  that  marine  deposits  are  mostly  wanting* 
but  near  Leghorn  and  at  the  Vatican  Hill,  and  Monte 
Mario  near  Rome  deposits  of  about  this  age  permit  oompariaaDi 
and  show  the  relation  to  the  other  deposits.  Prof.  Seguenn 
gives  a  list  of  332  species,  of  which  22  per  cent,  are  extinct. 
This  is  considered  to  be  about  the  age  of  the  Norwich  Crag, 
which  contains  17*5  per  cent,  of  extinct  forms. 

Near  Messina  there  was  still  deep  water  for  the  greater 
part  of  this  period ;  but  in  some  places,  as  at  Altavilla, 
near  Palermo,  the  fossils  prove  littoral  conditions,  and  it  is 
these  which  enable  a  comparison  with  the  Leghorn  beds. 
Whether  the  Serravallian  of  the  Marquis  de  Pareto,  of  the 
North,  corresponds  with  part  of  this  zone  and  the  next,  is  at 
present  somewhat  difficult  to  decide.  In  the  Serravallian 
no  marine  formations  are  known  in  the  North  of  the 
peninsula,  but  fresh  water  shells  and  a  number  of  mam- 
malian  bones  have  been  found,  showing  that  there  were  a 
number  of  lakes,  and  that  all  had  been  elevate  abovo  the 
level  of  the  sea. 

We  have  seen  that  although  there  have  been  constant 
oscillations,  yet,  on  the  whole,  the  indications  have  been  of 
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decreasing  depth ;  and  so,  also  in  the  uppermost  zone  of  the 
Pliocene,  or  zone  1  of  Segnenza,  the  same  thing  is  apparent, 
88  it  is  mostly  littoral ;  and  also  there  are  indications  of 
gradual  decrease  of  temperature.  Professor  Seguenza  has 
also  made  out  a  list  of  fossils  from  this  zone,  and  out  of 
829  species  130  are  not  known  living,  or  15  per  cent,  are 
extinct  as  far  as  present  information  is  available.  In 
different  localities  ^the  proportion  varies,  as  at  Reggio  and 
Taranto,  4  per  cent. ;  at  Ficarazzi,  12  per  cent. 

Whether  this  should  be  placed  as  *  Saharian  of  Mayer,  I 
at  present  feel  some  doubt. 

To  this  zone  must  belong  the  fossils  from  Nizzetti  (on 
the  flanks  of  Etna),  as  published  by  Sir  Charles  Lyell  in  the 
PhiL  Trans.,  1858,  vol.  148.  Out  of  142  species  11  were 
said  to  be  extinct,  but  I  find  that  since  the  list  was  made 
outf  two,  viz.,  Cancellaria  coronata  Seg.  and  Murex  multi- 
lamellosns  PhiL  have  been  discovered  in  Sicilian  seas. 

The  top  of  the  Pliocene  has  now  been  reached,  but  not 
the  end  of  great  changes  in  Sicily  and  the  South  of  Italy, 
for  also  in  the  quaternary  considerable  deposits  and  great 
elevations  and  subsidences  took  place,  and  now  we  have 
'' alluvione ''  and  sands,  with  fossils  identical  to  those 
Uving  at  present.    This  we  see  the  best  at  Reggio,  but  I 

*  This  term  of  Saharian,  as  also  that  of  Langhian  seem  to  have  been 
remarkably  unfortunately  chosen,  but  names  should  not  too  readily  be 
changed,  and  therefore  it  will  be  better  to  wait  until  there  is  sufiBcient 
reason  before  alteration  is  made.  There  do  not  seem  to  be  any  Sahara  beds 
of  which  the  age  is  sufiKciently  definite  to  be  taken  as  a  type,  and  for  such  a 
purpose  a  locality  nearer  to  other  typical  localities  should  be  selected.  It 
would  seem  that  another  4tage  is  required  after  the  Astian,  but  a  representa- 
tive  formation  could  only  be  found  in  the  extreme  South  of  Europe  or  the 
North,  as  in  England  or  Belgium,  as  the  central  countries  were  then  above 
the  sea.  I  have  found  it  quite  impossible  to  make  anything  out  of  Mayer's 
Sehaiian,  bat  I  suspect  that  although  the  North  of  Europe  couches  that  he 
gives  as  of  Saharian  age  are  of  the  time  of  this  zone  1,  yet  that  the  name 
was  originaUy  given  for  a  much  more  recent  period. 

t  Conchlgliologia  vivente  marina  della  Sicilia,  by  Prof.  A.  Aradas  and 
Car.  L.  Benoit.  Atti  deU'  Aocademia  Qioenio  di  Sc.  Nat.  di  Catania  ser  III., 
ToL  IIL,  1S70. 


2e2 

have  not  been  able  to  find  the  thickneas  of  these  beds  or 
the  height  up  to  which  it  occursy  but  it  ia  found  many 
hundred  feet  above  the  sea  leveL 

It  was  after  the  Pliocene  that  Mount  Etna  has  been  built 
up  to  a  height  of  nearly  11,000  feet  by  a  large  number  of 
eruptions  throwing  out  ashes  and  pouring  forth  lavaa  on  ta 
the  mountain  slope.  The  fossiliferous  deposit*  containing 
only  nine  species  not  known  living,  were  found  at  a  height 
of  nearly  1000  feet  above  the  sea  level,  and  is  overlaid  by 
the  lavas.  Although  these  nine  species  are  not  known 
living,  the  bare  statement  of  the  figures  gives  a  somewhat 
erroneous  idea,  for  with  one  exception  these  nine  are 
extremely  rare  in  the  fossiliferous  beds,  so  that  they  axe 
only  the  rear  guard  of  the  defeated  army,  and  the  fauna 
was  essentially  similar  to  that  obtaining  at  present  in  the 
Sicilian  waters. 

As  there  has  been  a  most  unfortunate  difference  of 
opinion  regarding  the  Qerace  Pliocene  beds  it  seems 
advisable  that  before  passing  from  the  Pliocene  I  should 
give  the  section  as  it  appeared  to  me,  at  the  same  time 
saying  that  it  is  certainly  most  important  that  someone 
already  well  acquainted  with  the  sequence  of  other  Pliocene 
beds  either  in  the  Messinese  or  Reggiano,  should  carefully 
examine  it  as  according  to  the  notes  I  made  it  does  not  wholly 
correspond  M^th  the  interpretation  of  the  sequence  of  the 
Messinese  Pliocene,  as  given  by  Seguenza.  My  notes  were 
made  quite  independently  of  the  points  in  dispute  between 
tProfessor  Fuc^hs  and  :[:Professor  Seguenza,  and  my  short 
visit  was  made  for  my  own  instruction  rather  than  research. 


*  Sco  page  261. 

t  Geolog^sche  studien  in  don  tertiarbildnngen  Siid-Ttalicns  von  Theodor 
Fuchs.      Sitz-bericht  d.  Akad.  Wissen  Wien.  1872. 

X  Papers  in  the  Bolletino  del  R.  Comilato  Goologico  d*  Italia  haveappeftred 
from  Professor  Fuchs  and  Professor  Seguenza  from  1874 — 1876  on  t^'" 
discussioD. 
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beds  in  deBOending  order  are  at  Gerace  (Calabria)  :— 

F0M4  limestoBB,  Tsllow,  about  ISO  feet,  in  some  placea  very  full  of 

Ampbistegina. 

id,  in  Bomfl  places,  contains  Pecten  polymorphus  and  Terebiatola. 

me.     In  same  parts  with  very  large  Nodosarii,  Rabolina  callrata, 

Teitalaria,  te.    This  mergel  is  in  moat  plaoei  almost  composed  of 

fbraminifera,  priDeipaUf  Orbulina  nniTena. 


la  Scilb*  Stg. 
lina  caput  eeT[ 
'  (BuUa)  lifnariut  L. 

eoni^uta  Bfec 

a  caiinata  Bivon.  (modioln)  . , 

vtlpttului  SroceA 

latus  Olivi    

iellaPhiL    

nlata  Brocc 

matica  Brocc 

dtiUmellosaB  Phil. 

pcA-peiicnni  If.    

trehilct  Aiadat 

Hloaiu  <hil 

mturalit  PAa. 

■is  Don   

1  dephantinnm  L 

entalisL.   

mhescente  Dub 

deotalis  L.  

•tuUatiiHi ,,,,, 

inaPhiL     

raPhil 

lorita  Brocc.  •  ■ .'. 

■iPhiL 

tn-L, /.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'. 

ilcntaPbil 

ia  Bcuticoatata  PhiL 

•  felisL 

iltmradialia  Mull 

itoiatnsPhil.(Hochinsii  Forbes] 
tiquafis  Phil.  (feneaLratua  , .  ) 
inifera  Mont 

vrvnopia  8.  IF.   

mndieuiata  Lamaur 

M  typia  ^tg 

lint  BaU 


Eocene— living. 

Eocene — living  Brit.  Medit. 

Lower  Plioc.  ol  Sic— living. 

Pliocene  lone  1-3,  living. 

Pliocene. 

Pliocene  zone  1  —  3,  living. 

Phoc.  of  Sic.  Eone  1-3,  living. 

Lower  Piioc.  of  Sicily. 

H  iocene — U  ving. 

Pliocene  mne  1-3,  living. 

U  iocene.  Pliocime — living. 

Lower  Plioo.  Sic.— living. 

Mio«.  Plioc.  xone  1  -8,  living. 
Eocene  Sic. — living. 

Plioc.  Sic — living. 

Living. 

8ic.  Plioc.  EOns  1-3,  living. 

TorU)oitui — Upper  Plioc 

Living,  zone  1-3. 

Pliocene  sup. 

Pliocene. 

Older  Plioc.  of  Sicily,  liraig 

in  Northern  Seu. 
Upper  Plioc.  of  Sicily,  living. 
Mioc.  Phoc  of  Sicily,  living. 
Pliocene  of  Sicily,  Uving. 

Hioceno,  living. 

Pliocene  Cr>|g. 
Pliocene,  living. 


*  Specica  printed  in  ilaliet  mo  not  giren  in  Fuch'a  list 

u-ge  number  of  those  marked  Uving  are  now  extremely 


264 

Besides  these,  which  are  all  from  one  spot,  I  colleeted 
from  the  same  beds  in  the  neighbourhood : — 


Nuculata  dilitata  Phil. 

P. 

Crag.  Plioo.  aone  1-4,  Ihmg. 
Miocene,  living. 

Katica  sordida 

Murez  vaginatus 

And*  Prof.  Fuchs  gives  in  his  list  from  the  same  place — 

Buccinum  spinalosum  PhiL 
Cassidaria  echinophora,  Lam. 

I  have  a  fragment  which  I  beb'eve  is  the  echiphonora. 

Triton  nodifemm  Lam .....•..•....•••••••••  — 

Pleurotoma  nodulifera  P^il •  — 

tt  harpola  Brocc.  .....•.•..•.•.•••••••••..•••  — 

„  Yanquelini  Payr.  •  — 

Cancellaria  lyrata  Brocc •  — 

Trochus  marginulatoB  Phil — 

„        granulatuB  Bom — 

Orbis  foliaceuB  Phil ••..•...•••....  — 

Lucina  digitalis  Lam ......••• •...•••  P. 

Ceratocyathus  communis  Seg.  ••••••••• • P. 

Amphihelia sculpta  Seg .•••..•• ••  — 

Lophohelia  Defrancie  E-  &  H — 

Diphlohelia  Meneghiniana  Sig — 

,y  Doderleiniana  Seg. ••••  •— 

„  Sismondiana  Seg •••  — 

Coenopsammia  Scillac  Seg.   , •  — 

Dendrophyllia  comigora  beg. •  — 

Below  these  beds,  in  some  places,  is  a  gravel,  and  in 
places  a  limestone,  and  then  follows  a  blue  unfossiliferoua 
clay,  mostly  full  of  gypsum.     This  is  Miocene. 

Prof.  Seguenza  has  disputed  the  sequence  of  Prof.  Fuchs, 
and  says  that  these  fossiliferous  clays  are  yoimger  than  the 
Bryozoa  beds,  saying  that  the  presence  of  Amphistegina 
vulgaris,  proves  them  to  be  the  lowest  of  the  Bryozoa  beds, 
and  belong  to  the  older  Pliocene,  while  the  fossiliferous 
clays  belong  to  the  3rd  zone,  and  are  younger.  With  this 
I  cannot  at  all  agree,  as  I  find  that  I  mention  several  times 
in  ray  note  book,  these  Bryozoa  beds  as  above  the  mergel 
and  fossiliferous  clays.     I  will  therefore  give  a  section  that 

*  Loc  cit. 
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Ibkw  near  Bametto,  which  seems  to  show  a  certain  amount 
of  correspondence.  Taking  the  sWata  again  in  descending 
order : — 

1.  Bfjosoa  beds  litbologioally  similar  to  those  of  Geraoe, 
containing  Ampbistegina  yulgaxis. 
Terebiatula. 

Pyigoma  nndata  Ysr  Mich. 
Scalaria  tiinacria  f 
Pecten  opercnlaris. 

„      Jaoobens. 
Isis  melitensis. 
Echinocyamns  posillos. 
Cellepora  pomicosa. 

Scnipocellaria  scmposa.    Miocene— living. 
Lepralia,  perhaps  ceratomorpba  Rss. 
Lepralia  spinif era  Hass.    Living. 
Membranipora  annolus  Manz.    Ix>wer  Pliocene — living. 
Salicomaria  fardminoides  Jobnst.    Biiooene — living. 
Myriosoon  trancatnm  PalLis.    Pliocene-^living. 
Betepora  cellolosa  Cav.    Miocene — living. 
Fascicnlaria  tubipora  Bosk.    Pliocene— crag. 
Postolepora  palmata  Bask.    Pliocene. 

These  beds  seem  to  be  considered  by  Prof.  Seguenza  to 
belong  to  the  lower  Pliocene. 

2.  Below  this  is  a  mamoos  sand  for  about  60fb.y  with  large  foraminifera, 
as  Textularia,  Nodosaria  and  Robolina  caltrata.  This  by  AriettK 
is  only  a  few  feet,  and  passes  into  clays  with 

8.  Terebratola  vitrea — 

„  Meneghiniania  Seg — 

Trochos  filosus  Phil — 

Bentalium  elepbantintun  L.   — 

„  Sexangolum  Gin — 

Nacnla  sulcata cc 

Verticordia acuticostata  Phil ...••••  l^  ....••  t.     — 

Pecten  opercnlaris — 

tsis  melitensis , — 

Amphihelia  miocenica  Seg — 

Gonotrochns  typus  Seg — 

Coenopsammia  Sdllae  Seg — 

FlabeUum  messanese  Seg. — 

Spines  of  (^daris  papillata — 

4.  Calcareous  rock  in  which  traces  of  fossils  seem  to  have  been  destroyed 

by  weathering. 
6,  Approximately  1 00  feet  of  mame  with  bands  of  conglomerate. 

Then  follows  conglomerate  with  large  crystalline  boulder 
stoneSi  mostly  serpentine  and  gneiss^  some  6  feet  in  diameter ; 
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then  mame,  conglomerate,  mame,  hard  sandstoney  in  &I1« 
about  350  feet,  below  which  is  a  Nommulitic  and  litho- 
thamnium  limestone. 

I  also  collected  fossils  at  Pruma,  in  Calabria,  which  I  take 
to  be  of  about  the  age  of  the  Gerace  fossiliferous  beds, 
underlying  the  great  conglomerate  of  Reggio,  which  form  a 
characteristic  featiire  in  the  landscape,  and  has  there  a  con- 
siderable extension.  The  fossils  I  obtained  were,  besides 
those  marked  P,  from  the  Gerace  beds : — 


Terebratula  minor. 

Argiope  Iruncata. 

PleuFotoma  Bertrandi  Payr. 
9,        scptangularis  Mont. 

BoUa  ovulata  Brocchi.     Eocene 
— living. 

Columbella. 

Gerithiuni    reticulatam.      Mio- 
cene— living. 

Risaoa  abysncola  Forbes.    Liv* 
ing. 

tlissoa  scabra  Phil. 

Cardita  corbia  PhU. 

Area  Noao  L.        Aquitanoan — 
Living. 

Area  tctragona  Poli.     Helvetian 
— living. 

Pecten  opercularis. 


Pecten  polymorphui. 

Ludna  bipartita. 

Loripes  divaricatns  L. 

Lucina  digitalis  Phil. 

Pectunculus  glycimeris. 

Astarte  sulcata. 

Homora  striata  M.  Ed.    PUoceat. 

Idmonea  insidens  Hanz.  Plio- 
cene. 

Idmonea  triforis  HeU.    Living. 

Salicomaria  farciminoides.  LiTing. 

Discoporella  mediterranea.  Living. 

Stephanocyathus  Zandens.  Sag. 
Found  at  Rametto. 

Cerytocyathus  communis.  Seg. 
Found  at  Rametto. 

Oporculina.     One  specimen. 

Amphistcgina.     One  specimen. 


The  number  of  fossils  here  similar  to  those  found  in  the 
Bryozoa  beds  mixed  with  those  of  the  clay  beds  is  most 
instructive.* 

♦  Prof.  Fuchs,  of  Vienna,  kindly  lent  me,  shortly  before  I  left  Naples,  a 
collection  of  Bryozoa,  from  the  Lentini  beds,  but  being  otherwise  engaged,  I 
am  sorry  to  say  it  has  been  impossible  to  unpack  my  largo  collections,  and 
I  have  not  yet  been  ablo  to  complete  the  determination  of  these,  but  hope 
shortly  to  bo  able  to  enter  upon  the  examination  of  the  fossil  Pliocene 
Bryozoa  I  possess,  and  to  compare  them  with  my  collection  of  recent  Medi- 
terranean species.     I  can  only,  therefore,  give  a  provisional  list  of  part  of 
those  lent  me  by  Prof.  Fuchs :— Cellepora  retiisa,  Manz;  C.  tubigera.  Busk; 
O.  pumicosa;  C.  coronopus,   S.  Wood;    Lepralia   systolostoma.   Manz;  L 
linearis;  L.  doliculata,  Manz;  L.  biaperta,  Mich;  L.  lata;  L.  ciliata,  PaU; 
Membranipora  angulosa,  Ross ;  Salicornaria  farciminoides ;   Retepom  cella- 
losa;  Discoporella  radiata;  D.  mediterninea ;  Cupularia  Rcussiana,  Manz 
Eschara  cerviconiis;    Pustulopora  proboscidoa;   Retehomera  frondiculata; 
t  rondipora  reticulata  ;  Myriozoon  truncatum. 
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The  great  interest^  which  has  been  taken  in  glacial 
phenomena,  has  made  not  only  geologists  but  also  general 
readers  acquainted  with  the  fact  of  this  i^and  of  Britain, 
and  also  other  countries  of  North  Europe,  being  not  only 
during  a  part  of  the  time  many  himdred  feet  lower  relatively 
to  the  sea,  but  also  at  another  time  some  hundreds  of  feet 
higher,  and  the  same  has  been  the  case  in  the  South  of 
Europe. 

*  Mr.  Hugh  Falconer  in  a  paper  to  the  Geological  Society* 
afterwards  printed  in  his  Paleontological  Memoirs,  pointed 
out  that  the  Pleistocene  mammalia  of  Sicily  and  of  Gibraltar 
indicated  that  there  must,  about  this  time,  have  been  a 
connection  of  Europe  with  Africa.  This  idea  has  been 
followed  up  by  Prof.  Busk  and  t  Prof.  W.  Boyd  Dawkins^ 
who  has  shown  by  the  presence  of  the  Hyaena  maculata, 
Felis  serval,  Felis  caffer,  which  are  African  species,  in  the 
Pleistocene  caves  at  Gibraltar :  Elephas  Af ricanus.  Hyaena 
striata,  near  Madrid,  and  Hyaena  crocuta.  Hippopotamus 
Pentlandii,  also  African  species  in  Sicily,  as  also  by  some  of 
these  at  Malta,  that  there  was  land  connecting  these  two 
continents,  where  there  is  now  about  400  fathoms  of  sea. 
The  geographical  distribution  of  some  of  the  living  mam** 
malia  being  stated  to  point  to  the  same  conclusion. 

The  flora  gives  similar  results,  according  to  XM.  Cosson, 
for,  of  1428  plants  growing  in  Algeria  1056  are  South  of 
Europe  species ;  and  further,  the  flora  of  any  part  corres- 
ponds most  nearly  to  that  of  the  land  which  is  opposite  to 
it  across  the  Mediterranean. 

*  Quart  Joum.  of  the  Qool.  Soc.,  1860.  Paleontological  Memoin, 
Vol.  II. 

*t  Physical  Qeog.  of  the  Mediterranean,  during  the  Pleistocene  age. 
Popular  Science  Beview,  1873.  Classiftcation  of  the  Pleistocene  strata  of 
Britain  and  the  Ck>ntinent,  by  means  of  the  Mammalia.  Quart.  Joum. 
Geol.  Soc.,  1872.    Vol.  28. 

X  Tableau  Physique  du  Sahara  oriental  de  la  Province  de  Oonstantind. 
par  Ch.  Martina  fievue  dea  deux  Mondea,  1864. 


As  the  seedfl  of  plants  may  be  more  readily  carried  by 
birds,  and  even  floated  on  the  ocean,  it  is  apparent  that  land 
and  freshwater  mollusca  give  a  more  satis&ctory  result,  and 
^Burguignat  says  that  the  land  and  freshwater  moUosca  in 
North  Africa  show  that  between  the  African  and  Spanish 
species  their  reigns  an  almost  complete  resemblance,  tor  of 
the  300  species  he  found  in  Spain  he  discovered  most  of  the 
same  in  Algeria. 

fMr.  Geo.  Maw  has  also  shown  that  eleTation  and 
subsidence,  on  a  very  large  scale,  has  taken  place  in  the 
North  of  Africa.  He  says  there  has  been  a  subsidence  of  at 
least  3000  feet  during  the  Tertiary  period  followed  by  an 
elevation  of  4000  feet ;  then  a  Post  tertiary  depressions 
when  part  of  the  Sahara  was  2000  to  3000  feet  lower  than 
at  present,  followed  of  course  by  an  elevation  of  about  this 
amount.  Mr.  Maw  docs  not  give  su£Bcient  particulars  to 
enable  the  exact  periods  of  these  movements  to  be  correlated 
with  those  of  Sicily,  so  that  these  elevations  and  subsidences 
may,  or  may  not,  have  been  at  the  same  time  as  correspond* 
ing  ones  in  Sicily.  J 

I  think  I  may  here  say  that  there  does  not  seem  any 
reason  for  supposing  with  gd'Archiac  that  because,  as  he 
says,  at  least  half  of  the  actual  surface  of  the  continents  was 
imder  water  during  the  tertiary  period  that  there  was  less 
land  then  than  now,  and  that  portions  now  submerged  were 
not  then  dry  land,  for  the  geographical  distribution  of  plants 
and  animals  most  distinctly  proves  the  contrary  to  be  the 

•  Die  Sahara  von  Desor,  1871. 

t  Notes  on  a  journey  from  Algiers  to  Sahara.     Quart.  Joum.  Greol.  Soc. 

X  I  have  not  yet  had  the  opportunity  of  working  at  the  question  of  whether 
the  connection  of  Africa  and  Gibraltar,  and  Africa  and  Sicily  ceased  at  tho 
same  time  or  not.  From  a  cursory  examination  I  have  rather  got  tho  idea 
that  tho  Sicilian  separation  was  earlier  than  tho  Gibraltar  one,  but  I  most 
distinctly  wish  it  to  be  understood  that  I  do  not  give  any  opinion  on  tho 
question,  but  only  indicate  a  line  of  investigation  for  someone  else. 

§  Uistoire  des  Progr^s  de  la  Geologic,  vol.  2. 
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case,  fiid  show  there  has  been  muoh  land  where  there 
is  now  ocean.  It  is  quite  possible  D'Archiac  may  now  hold 
yery  different  yiews,  for  his  remarks  look  like  a  remnant  of 
the  teaching  of  the  old  teleological  school,  who  thought  that 
''the  disproportion  of  the  water  to  the  dry  land  are  circum* 
stances  more  adapted  to  a  race  of  fallen  intelligences  than  to 
beings  in  a  state  of  innocence.'^ 

We  have  seen  how  the  deposits  in  the  upper  tertiaries  of 
Sicily  did  not  take  place  in  steadily  rising  or  sinking  areas^ 
but  in  areas  of  oscillations,  and  {his  is  found  to  be  the  case 
in  other  places  where  the  conditions  are  favourable  for  such 
a  record  being  left,  but  of  course  this  cannot  always  be 
found,  as  with  a  deep  sea  or  with  land  no  proof  coidd 
remain.  Such  recent  formations  as  those  just  considered 
are  naturally  much  more  complete  than  older  ones,  of  which 
often  in  any  district  only  a  fragment  of  a  page  of  a  large 
Tolume  remains,  while  here  truly  pages  are  wanting  but  the 
history  is  not  very  incomplete,  and  is  only  waiting  for  those 
who  know  its  language.  Nevertheless,  very  much  the  same 
thing  is  f  oimd  to  be  the  case  in  many  if  not  all  f  ormationsi 
as  we  may  see  in  the  Carboniferous  or  the  Jurassic,  though 
these  cannot  be  worked  out  in  the  same  detail,  nor  are  we 
so  intimately  acquainted  with  the  habits  of  the  animals  then 
inhabiting  the  sea  as  when  all  the  genera  are  the  same  and 
most  of  the  species  identical,  but  much  as  we  can  learn  it  is 
only  comparatively  large  changes  that  woidd  reveal  them- 
selves to  our  researches;  but  when  we  look  to  periods 
within  historical  times,  then  works  of  man's  art  have  enabled 
changes  on  a  much  smaller  scale  to  be  proved,  and  perhaps 
nowhere  is  this  more  clear  than  near  Naples,  which  district 
we  will  now  consider.* 

*  Hie  movements  of  the  earth's  crust  which  have  been  mentioned  may  be 
represented  by  the  line  AA  in  fig.  2,  but  if  we  take  a  fragment  and  examine 
it,  if  I  may  be  allowed  the  expression,  microscopically,  then  we  find  it  not  to 
be  oontinaous,  bat  composed  of  minor  changes. 
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Hie  neighbourhood  is,  ixijdfeed,  classical  ground  for  tihe 
geologist,  and  in  the  works  of  Lyell  may  be  found  a  won- 
derfully clear  description  of  the  geology,  largdy  from  his 
own  observation.  The  oldest  beds  mentioned  are  those  of 
the  island  of  Ischia,  and  you  will  see  on  the  table  a  small 
collection  of  shells  from  this  island.  The  oldest  are  those 
from  the  Mount  Buceto  district,  although  these  are  the 
results  from  several  localities  and  from  more  than  one  visit 
there  is  not  a  single  species  there  which  I  do  not  possess  in 
my  collection  of  recent  shflls  from  Naples,  and  this  is  an 
important  fact  as  showing  that  the  common  fossils,  at  any 
rate,  are  the  same  species  as  those  now  living  and  common. 

*  Lyell,  in  the  list  he  gives,  sajrs  his  fossils  were  from  the 
various  fosdiliferous  localities  of  the  island,  which  are  now 
known  to  be  of  different  ages.-  f  Sig.  Fonseca  gives  the 
following  list  from  the  Mount  Buceto  beds : — 

Nassa  prismatica  '*        Cassis  undulata 
Solen  coarctus  TurriteUa  communis 

Rissoa  polita  Nucula  sulcata 

Natica  sordida  Murex  vaginatus 


»» 


Valcncicnnosii  Fusus  rostatua 


To  these  I  am  able  to  add 

Gardium  ciliare 

),        orhinatum  Linn 

f,        cdule  L. 
Nassa  Asranias  Brug 
Bissoa  cimcx  L. 


Trochus  crenulatus  Brocc. 
„        exasperatus  Penn. 
Cerithium  reticulatum 
Fbasianella  pulla  L. 
Dcntalium  cntalis  L. 


The  rocks  of  this  neighbourhood  are  very  largely  com- 
posed of  the  tuffs  of  various  volcanoes,  as  our  President 
pointed  out  a  few  weeks  ago,  when  I  took  the  opportunity 
of  saying  that  the  large  areas  they  cover  and  to  what  great 
thickness  they  occur  is  not  readily  appreciated  by  those  who 
have  not  seen  them.    The  peninsula  of  Sorrento  is  composed 

♦  Principles  of  Geology,  cd.  1,  1833,  vol.  3. 

t  Geologia  dclla  Isola  d'Ischia,  per  F.  Fonseca.  1870.  Firenze :  Tip 
Cavour. 

See  also  Monografia  geologica  dell'  Isola  d'Ischia,  per  C.  W.  C.  Fucha. 
Mem.  del  B.  Comit  Geologico,  toI.  2. 
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principally  of  a  tuff,  as  is  the  nucleus  of  the  island  of  Ischia, 
and  these  two  will  be  the  oldest  in  the  district.  The  tu£b 
of  Sorrento  have  been  for  some  time  considered  to  be  of  a 
different  age  from  those  of  the  Phlegrcan  fields,  and  are 
sapposed  to  be  derived  from  eruptions  of  the  Eocca  monfina» 
an  ancient  volcanic  mountain  about  forty  miles  distant. 
Although  I  have  seen  this  tuff  I  have  not  made  any 
examination  as  to  its  age,  so  that  1  cannot  say  if  it  is  the 
same  as  any  on  Mount  Epomeo,  in  Ischia,  which  is  also 
older  than  the  Campi  Phlegraei? 

This  tuff  in  Ischia,  which  is  the  product  of  decomposed 
pumice  and  scoria  deposited  in  the  sea,  has  been  raised  to 
the  height  of  2407  Paris  feet,  and  upon  the  sides  of  the 
mountain  overlaying  this  tuff  is  a  clay  deposit  which  con- 
tains shells,  as  at  Monte  Buccto    (1161   feet)   and  other 

m 

places  up  to  a  height  of  about  1800  feet,  and  is  a  deposit  of 
great  thickness. 

This  clay  lithologically  much  resembles  the  Sub-apen- 
nines,  but  the  fossils  indicate  that  it  is  much  more  recent,* 
80  that  apparently,  at  the  close  of  the  Pliocene,  the  whole 
of  this  neighbourhood  was  under  the  sea,  and  then  by  scoria 
and  pumice,  which  fioated  a  long  distance,  a  deposit  of 
many  hundred  feet  thick  (1000  in  Ischia,  according  to 
Fuchs)  was  formed,  upon  which  some  hundred  feet  of  a 
fossiliferous  clay,  with  the  fossils  just  mentioned,  were 
deposited ;  then  came  eruptions,  at  first  under  water ;  then 
elevation  and  a  constant  succession  of  eruptions,  for  there 
are  evidences  of  many  eruptions  here,  and  it  is  interesting 
to  see  in  the  cliffs  on  the  shore  layer  above  layer  of  lava, 
and  volcanic  cones  scattered  round  this  lovelv  island. 

The  volcanic  activity  has  continued  into  the  historical 

*  I  hoped  that  a  microscopical  examination  might  aid  in  fixing  the  age 
more  exactly,  bat  M.  Vanden  Bn»eck,  to  whom  I  gave  some  of  the  clay, 
says  that  he  has  not  been  able  to  find  any  trace  of  either  foraminifera  or 
entomostraoa. 
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period,  but  anyone  who  examines  these  htyaSy  some  of  which 
are  interstratified  with  marine  deposits,  most  feel  how  com- 
paratively little  these  few  historical  eruptions  have  added  to 
the  volcanic  mass  of  the  island. 

There  are  two  other  f  ossilif  erous  deposits  on  the  island  of 
Ischia ;  one  is  in  a  sandy  mame  at  *  Castiglione,  &c.,  and 
is  previous  to  several  ancient  eruptions;  the  other  is  a 
modem-looking  lava-sand,  which  reaches  at  f  Lacco  to  200 
to  300  feet  above  the  level  of  the  sea.  From  this  hat 
locality  the  number  of  species  is  considerable,  but  the  same 
as  those  now  in  the  neighbouring  seas. 

A  few  fossils  have  also  been  found  in  a  tuff  at  Camaldoli, 
which  is  somewhat  similar  to  that  of  Ischia,  and  at  t  Pozzuoli 
there  is  a  fossilif erous  fine  sand,  somewhat  resembling  loess, 
interstratified  with  tuff  and  lava,  but  these  fossils  are  similar 
in  species  and  frequency  to  those  inhabiting  the  Bay  of 
Naples. 

But  in  this  neighbourhood,  where  such  clear  signs  of  such 
very  recent  changes  on  a  large  scale  are  visible,  there  are 
also  the  records  of  changes  of  level  since  buildings  were 
erected,  but  we  now  come  down  from  changes  of  some 
thousands  to  30 — 40  feet  in  more  than  two  thousand  years, 
and  here  again  the  changes  have  not  been  continuous  in  one 
direction,  but  have  been  both  elevation  and  subsidence. 

The  changes  here  are  not  general  for  all  of  Italy,  as  the 
examination  of  other  §  Mediterranean  ports  prove,  but  are 
more  or  less  local.     Different  places  in  this  neighbourhood, 

*  I  found  the  following  fossils,  which  aro  not  given  by  Fonseca  in  his 
list,  loc.  cit. : — Pectunculus  glycimeris,  Chama  gryphoides.  Echinocymnus 
pusillus,  Cyclope  neritea  L.     Ilinguicula  auriculata  Men. 

t  The  additions  here  are : — Astarto  incrassata  Brocc.  £chinocyamu8 
pusillus,  Fusus  rostratus  P    Cyclope  neritoidos,  Cardita  aculeata. 

X  Contrihuzione  alia  geologica  dei  Campi  Flegrei  par  G.  Guiscardi.  Atti 
Accad.  Sci.  I.  1863,  No.  7. 

i  I  hare  not  been  able  to  verify  this  myself,  bat  give  it  on  the  beet 
authority,  viz.,  LyoU. 
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as  Bajae^  Pozzuoli,  Sorrento,  Capri,  show  that  within  a  very 
recent  period  the  land  has  been  elevated  20 — 30  feet. 

Along  a  great  part  of  the  coast  by  Pozzuoli  there  is  an 
abrupt  cliff  or  tuff,  and  any  Geologist  can  at  once  see  that 
the  cliff  separated  by  the  level  Starza  from  the  present  phore 
has  been  washed  by  the  Mediterranean  sea,  the  present 
configuration  being  the  consequence  of  this.  The  occurrence 
of  barnacles  and  Area,  and  the  borings  of  Lithodomus,  at 
32  feet  above  the  level  of  the  sea,  where  there  is  a  line  worn 
by  the  waves,  indicates  the  amount  of  change  at  a  very 
recent  period.  In  this  terrace  of  stratified  deposit,  which 
reaches  up  to  the  cliff,  and  is  here  called  the  Starza,  shells 
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are  also  found,  but  as  we  have  seen  no  difference  in  deposits 
older  than  the  present,  of  course  none  are  found  here,  but 
in  this  are  fragments  of  brick  as  it  of  such  a  recent  date. 

In  the  immediate  neighbourhood  of  the  Starza  there  are 
still  other  records,  but  one  which  has  been  the  subject  of 
full  scientific  description,  first  by  Goethe,  and  now  known 
to  everyone  by  Sir  Chas.  Lyell's  writings,  but  although  so 
well-known  a  short  recapitulation  of  the  facts  will  enable  us 
the  better  to  understand  the  changes.* 

At  Pozzuoli,  in  the  year  1750,  the  ruins  of  a  fine  so-called 
temple  or  bath  were  unearthed,  a  number  of  large  columns 
of  marble  were  discovered,  and  those  parts  which  had  been 


•  For  faU  description  of  the  changes  see  also  Babbage,  Geol.  Soc.  Ftoo., 
1834. 
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the  lowest  when  standing  were  all  bored  by  the  same  disll, 
which  I  have  mentioned  the  lithodomns,  and  these  borings 
occur  up  to  a  height  of  20  feet,  above  which  the  pillars  did 
not  show  any  traces  of  the  action  of  the  sea  or  marine 
animals.  This  shows  the  sea  must,  at  some  time,  have  hers 
been  at  a  height  of  twenty  feet  above  the  base  of  thepillan^ 
and  there  are  various  indications — ^which  space  prevents  my 
considering  at  present — ^which  show  that  the  subsidenoeb 
whiph  brought  about  this  state  of  things,  took  plaoe  slowly. 
This  so-called  temple  of  Serapis  was  built  more  than  a 
century  before  Christ,  and  already  before  the  end  of  the 
second  century  some  subsidence  had  taken  plaoe^  for  it 
became  necessary  to  construct  a  new  floor.  After  this  the 
temple  was  filled  with  volcanic  ash  from  a  neighbouring 
eruption.  By  the  commencement  of  the  fifteenth  century 
the  period  of  elevation  had  again  begun,  and  the  land  in  the 
district  has  been  elevated  about  20  feet,  and  again  during 
the  present  centurv  there  has  been  considerable  subsidence. 
There  are  many  other  buildings  indicating  these  changes  in 
the  vicinity,  but  perhaps  none  where  the  record  is  more 
complete,  and  although  not  general  over  all  Italy,  extended 
over  a  considerable  area  round  Naples. 

In  Sicily,  movements  within  the  historical  period  are  also 
proved,  but  here  upon  the  production  of  nature.  *Sig.  G. 
G.  Gomellaro  has  shown  that  a  lava  of  A.D.  1169  has  been 
nearly  a  metre  lower  than  at  present,  relatively  to  the  sea, 
as  proved  by  recent  shell  borings,  and  by  the  existence  of 
shells  forming  ^almost  a  raised  beach  at  this  height.'  He 
concludes  by  the  presence  of  quite  recent  deposits,  that  there 
has  been  a  subsidence  of  13  metres  when  a  reversal  of  move- 
ment took  place,  not  of  course  within  historical  periods,  but 
very  recently.     Raised  shore  lines  have  also  been  found  in 


*  Sul  graduale  Bollevamento  di  una  parte  della  costa  di  Sicilia.    Atti  dell' 
Accademia  Oioenia  di  Sc.  Nat.  aer  2,  torn  XIV. 
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Corsica  and  Sardinia,  Gibraltar,  Tunis,  Greece,  and  Asia 
Minor ;  the  amount  of  quite  recent  elevations  being  appar- 
ently greater  in  Greece  and  Asia  Minor  than  in  the  Western 
part  of  the  Mediterranean,  as  proved  by  the  position  of 
Ephesus  and  Priene;  and  what  is  a  matter  of  greatest 
interest  to  the  owners  of  the  Suez  Canal,  not  only  as  con- 
cerning the  past,  but  also  commercially  the  future,  is  that 
according  to  M.  Lesseps,  there  has  been  an  elevation  of  three 
and  a  half  metres  in  eleven  centuries,  and  this,  I  may  say, 
in  a  district  where  there  are  also  proofs  of  most  recent 
subsidences. 

Recent  movements  are  in  no  way  confined  to  the  volcanic 
regions  of  Naples — or  other  volcanic  regions — ^as  sometimes 
supposed.  Recent  changes  of  level  to  a  large  extent  are 
known  to  have  taken  place  in  England,  Scandinavia,  South 
America,  New  Zealand,  and  Australia. 

Having  considered  the  changes  of  level  of  land  in  recent 
geological  and  historical  periods,  we  may  glance  at  the 
eruptions  of  the  district  of  Naples.  The  trachytic  tuffs, 
which  have  been  raised  to  form  Mount  Epomeo  (795  metres) 
in  Ischia,  and  which  forms  the  Posilipo  and  the  Hill  of 
Camaldoli,  and  other  hills  by  Naples,  show  that  there  has 
been  very  considerable  volcanic  activity  at  this  late 
g^logical  period,  many  eruptions  having  occurred  in  Ischia 
and  the  Phlegrean  fields,  and  after  the  greater  part  of  these 
Vesuvius  has  been  built  up  to  a  mountain  4000  feet  high. 
The  accounts  of  the  mountain  previous  to  the  great  eruption 
of  A.D.  79,  which  destroyed  Pompeii,  show  that  it  was  then 
much  higher,  as  it  would  appear  that  Monte  Somma  formed 
part  of  the  great  cone  of  the  mountain,  but  at  the  time  of 
the  greatest  eruption  the  old  cone  was  destroyed,  and  the 
present  Vesuvius  was  formed.  * 

Nearly  sixty  times  since  the  Christian  era  Vesuvius  is 

*  For  a  fnll  account  of  Vesuvius  soo  Phillips*  Vesuvius.    Oxford,  1S69. 
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known  to  bare  been  in  a  itete  of  aotinty,  and  Iwt  jaani 
fardi  streams  of  kva ;  preyioas  to  iOiis  it  •eema  to  bave  ben 
in  a  state  of  tranquility,  bat  bad  been  reoogniaed  as  of 
-volcanio  origin  by  some  of  tbe  earliest  bistoriaziB^  wbo  relats 
ibat  acoording  to  tradition  it  bad  emitted  fire  ineariier  tansi. 
Since  tbe  earliest  records  sereral  towns  baYe  been  buried  lij 
lava '  end  ashes.  Pompeii,  four  miles  from  tbe  oaoB,  bj  a 
layer  of  ten  to  twenty  feet  of  ashes.  Hercolaiieaiii,  aboot 
the  same  distance,  by  70  to  110  feet  of  lava  and  ashes ;  the 
result  of  six  eruptions  being  there  yisible  in  eome  plaosib 
and  by  Resina  and  Portid  there  have  been  many  streamsof 
lava,  which  have  had  a  very  considerable  tbiabness  In 
many  eruptions  the  ashes  have  fallen  in  Naples  and  neig^ 
bouring  places  in  considerable  quantities.  In  the  last 
eruption,  in  the  island  of  Isdbia,  28  miles  from  fbe  oone^  ffae 
ashes  which  fell  had  to  be  swept  up  constantly  near  to  ffae 
houses.  In  A.D.  472  an  eruption  is  reported  to  have 
occurred  which  covered  all  Europe  with  fine  ashes^  and 
spread  alarm  even  at  Constantinople,  and  in  1779  small 
stones  and  scoria  fell  at  Benevento,  Foggia,  and  Monte 
Mileto. 

In  the  Compi  Phlegraei  there  are  many  craters,  most  of 
which  have  been  formed  previous  to  historical  records,  but 
the  eruption  in  which  Monte  Nuovo  was  built  up  to  a  height 
of  139  metres  in  three  or  four  days  was  in  the  16th  century. 
In  the  12th  century  there  was  an  eruption  of  the  Solfatara, 
which  has  been  since  quiescent. 

In  Italy  there  have  been  regions  of  volcanic  activity 
during  the  tertiary  period,  which  have  long  since  become 
dormant.  With  one  exception  all  these  districts  are  on  the 
West  side  of  the  Apennines,  but  for  a  long  time  during  the 
Eocene  and  lower  Miocene,  the  neighbourhood  of  the  Vicen- 
tine  was  the  theatre  of  a  succession  of  eruptions  on  a  very 
large  scale.     A  great  part  of  these  were  submarine,  and  in 
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tke  Yoloanic  tuSs,  in  many  places,  fossils  are  found  in 
abundance,  thus  fixing  the  age  and  showing  that  there  were 
many  eruptions.  In  the  district  of  the  lake  of  Oarda  there 
were  a  nimiber  of  lava  flows  ;  mostly  at  the  beginning  of 
this  volcanic  activity,  while  in  the  Vicentine  and  Euganean 
hills,  are  found  the  closing  chapters  of  this  disturbance.  If 
time  had  permitted  I  should  have  liked  to  have  shown  how 
this  neighbourhood,  which  I  have  visited  several  times, 
gives  proof  of  constant  changes  of  level  in  the  Eocene  and 
lower  Miocene,  not  less  instructive  than  those  of  the 
Pliocene  of  the  South. 

As  the  district  belongs  geologically  to  the  Alps  rather 
than  to  Italy,  we  may  say  that  all  Italian  volcanoes  are  on 
the  East  of  the  Apennines,  and  they  have  been  placed  in 
the  following  chronological  order  by  M.  L.  Pilla  : — 1.  Ponza 
Islands,  with  Panaria,  San  Paolo  in  Mount  Vultur.  2.  Val 
di  Nota,  Cap  Passaro.  3.  Rocca  Monfina.  4.  Phlegrean 
fields,  Eolian  Isles,  Vultur.  5.  Vesuvius,  Etna,  Stromboli. 
6   Monte  Nuovo. 

The  Apennines  are  the  central  elevation  of  Italy,  con- 
sisting of  Jurassic,  Cretaceous,  and  Eocene  rock,  with  sub- 
sidiary mountain  chains  on  both  sides  of  the  principal  ridge, 
but  as  *Sir  Roderick  Murchison  has  pointed  out  "the 
Italian  peninsula  is  not  characterised  by  one  central  backbone 
or  central  axis,"  but  instead  the  mountain  chain  "  is  made 
up  of  a  succession  of  axes."  Thus  we  see  that  the  Apen- 
nines have  been  raised  by  various  local  upheavals  and  not 
in  one  line,  and  the  same  thing  has  been  indicated  with 
regard  to  the  general  elevation  of  the  land.  The  same  is 
the  case  to  a  certain  extent  in  the  Alps,  for  the  Westerm 
were  raised  before  the  Eastern. 

I  mention  this  because  it  seems  to  be  very  generally  con- 
sidered that  continental  elevation  takes  place  somewhat  in 

*  Murchison  on  the  Structure  of  the  Alps.   Proc.  GeoL  Soc,  vol  Y.   1840. 


ike  same  steady  regular  manner  thai  a  trunk  ia  niaei  vfOL 
an  hotel  lift,  and  that  in  the  aame  way  a.mmmtain  la 
gradually  raised  along  its  whole  lenglh,  in  one  steady 
motion.  I  think  we  may  well  doubt  if  continental  deYalum 
of  this  kind  has  ever  taken  place ;  and  we  often  aee  that  the 
direction  of  elevation  may  change  from  North  and  South  to 
East  and  West,  as  may  he  seen  in  the  Miooene  of  TXmOk 
Europe.  Of  course  the  general  tendency  of  the  moTements 
may  continue  for  a  long  time  in  one  direction,  as  seen  in 
the  Pliocene  of  Italy.  In  the  Messinian  and  Astian  periods 
the  North  of  Italy  shows  that  there  was  constant  alteration 
of  direction,  and  the  uppermost  Pliocene  of  Sicily  that  there 
there  was  movement  sometimes  up  and  sometimes  down; 
but  nevertheless  through  the  whole  there  has  been  a  genetal 
elevation  of  the  Italian  peninsula. 

In  geological  text  books  we  f  requentiy  find  the  thidkness 
of  the  strata  in  different  systems  stated,  and  the  idatiTe 
age  is  calculated  upon  this  basis.  For  the  thickness  of  the 
tertiary  3000  feet  is  given,  but  this  produces  a  wrong  idea 
as  to  the  age,  for  we  must  separate  the  various  stages  and 
see  what  is  the  total  thickness.  If  the  total  is  merely  taken 
at  any  place  much  is  left  out;  for  example,  while  more  than 
100  feet  of  deposit  representing  a  long  period  was  formed 
in  the  South  of  Italy  and  Sicily,  the  north  was  land  and  no 
deposit  could  be  formed.  The  total  of  the  different  stages 
as  given  by  Dr.  C.  Mayer  is  about  28,000  feet — all  deposited 
at  different  eras — ^instead  of  3000  feet,  and  I  think  if  this 
table  were  revised  he  would  make  it,  if  anything,  rather 
greater.  But  taking  the  upper  500  metres,  viz.,  300 
Messinian  and  200  Astian,  for  the  formation  of  300  metres 
of  Messinian  there  must  have  been  a  subsidence  of  about 
2000  feet,  and  of  course  a  like  elevation  by  the  close  of  the 
Astian,  that  the  minimum  amount  of  movement  must  have 
been  4000  feet. 
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Having  learnt  that  this  was  not  a  steady  movementy  but 
oscillation,  we  see  that  this  4000  feet  very  imperfectly 
represents  the  amount  of  elevation  and  subsidence  in  thej»e 
two  periods,  being  probably  many  times  as  great  as  indicated 
by  the  geological  phenomena.  The  changes  at  Naples  and 
other  places  justify  us  in  concluding  that  there  must  have 
been  manv  minute  variations,  and  that  the  number  obtained 
by  geological  evidence  may  require  to  be  multiplied  many 
times  to  give  9  correct  idea  of  the  total  amount  of  alteration. 

That  such  great  changes  cannot  be  taking  place  all  over 
the  crust  of  the  earth  without  altering  the  position  of  the 
centre  of  gravity  must  be  apparent  to  all,  and  every  altera- 
tion must  change  the  position  of  the  axis  of  the  earth,  unless 
the  alteration  should  happen  to  be  along  the  line  of  the  equator. 

It  must  be  a  matter  of  the  greatest  satisfaction  to  all  geolo- 
gists,  that   latterly  the  mat 


Prof.  Haughton  i>a«  kindly  infonnod  me  tlut  li«  b..  foaad  •  muUk«  in 


his  paper. 
The  formula  now  stands  r  ^  =  —  ^^^^  («»  »  v'  —  »«  '  ^ 

Tl^  I  am  8orr>'  to  say  makes  the  figure. in  th* lart  pangimph  of  iMtc^27's 
amount  of  shifting  of  the  pole  should  he  diridrf  W  3     Thw^^ 
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^e  same  steady  r^;tilar  mamifir  that  a  trunk  ia  fiiaad  vfat 
aa  hotel  hit,  and  that  in  die  same  way  ammmtanL  ii 
gradually  raisGd  along  its  whole  lengthy  in  one  steady 
motion.  I  think  we  may  well  doubt  if  continental  elevation 
of  this  kind  has  ever  taken  place ;  and  we  often  see  that  tha 
direction  of  elevation  may  change  from  North  and  South  to 
East  and  West,  as  may  be  seen  in  the  Miooene  of  KorA 
Europe.  Of  course  the  general  tendency  of  tiie  morementi 
may  continue  for  a  long  time  in  one  direction^  aa  seen  in 
the  Pliocene  of  Italy.  In  the  Messinian  and  Aafciaa  periods 
the  North  of  Italy  shows  that  there  was  constant  alteration 
of  direction^  and  the  uppermost  Pliocene  of  Sicily  that  then 
there  was  movement  sometimes  up  and  sometimes  down; 
but  nevertheless  through  the  whole  there  has  been  a  genend 
elevation  of  the  Italian 


In  geological  text  books  we  frequently  find  the  thickness 
of  the  strata  in  different  systenus  stated,  and  tilie  relative 
age  is  calculated  upon  this  basis.  For  the  thickness  of  the 
tertiary  3000  feet  is  given,  but  this  produces  a  wrong  idea 
as  to  the  age,  for  we  must  separate  the  various  stages  and 
see  what  is  the  total  thickness.  If  the  total  is  merely  taken 
at  any  place  much  is  left  out;  for  example,  while  more  than 
100  feet  of  deposit  representing  a  long  period  was  formed 
in  the  South  of  Italy  and  Sicily,  the  north  was  land  and  no 
deposit  could  be  formed.  The  total  of  the  different  stages 
as  given  by  Dr.  C.  Mayer  is  about  28,000  feet — ^all  deposited 
at  different  eras — ^instead  of  3000  feet,  and  I  think  if  this 
table  were  revised  he  would  make  it,  if  anything,  rather 
greater.  But  taking  the  upper  500  metres,  viz.,  300 
Messinian  and  200  Astian,  for  the  formation  of  300  metres 
of  Messinian  there  must  have  been  a  subsidence  of  about 
2000  feet,  and  of  course  a  like  elevation  by  the  close  of  the 
Astian,  that  the  minimum  amount  of  movement  must  have 
been  4000  feet. 
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Having  learnt  that  this  was  not  a  steady  movement,  but 
oscillation,  we  see  that  this  4000  feet  very  imperfectly 
represents  the  amount  of  elevation  and  subsidence  in  the<ie 
two  periods,  being  probably  many  times  as  great  as  indicated 
by  the  geological  phenomena.  The  changes  at  Naples  and 
other  places  justify  us  in  concluding  that  there  must  have 
been  manv  minute  variations,  and  that  the  number  obtained 
by  geological  evidence  may  require  to  be  multiplied  many 
times  to  give  9.  correct  idea  of  the  total  amount  of  alteration. 

That  such  great  changes  cannot  be  taking  place  all  over 
the  crust  of  the  earth  without  altering  the  position  of  the 
centre  of  gravity  must  be  apparent  to  all,  and  evejy  altera- 
tion must  change  the  position  of  the  axis  of  the  earth,  unless 
the  alteration  should  happen  to  be  along  the  line  of  the  equator. 

It  must  be  a  matter  of  the  greatest  satisfaction  to  all  geolo- 
gists,  that   latterly  the  mathematicians  are   giving   their 

Prof.  Haughton  has  kindly  informed  me  that  he  has  found  a  mistake  in 
ttis  formula,  as  he  omitted  to  divide  by  3  when  differentiating  problem  8  of 

The  formula  now  stands  r  0  =:  —  LUi  (cot  '\'  —  <»»  »\). 

<s 

Thw  I  am  sorry  to  say  makes  the  figures  in  the  last  paragraph  of  pai?e  279 
and  the  first  of  page  280  incorrect,  and  aU  the  figures  represent^g  the 
amount  of  shifting  of  the  pole  should  be  divided  by  3.    Thus 

instead  of  141   read  -~  =  47 
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The  scale  to  the  curve  should  now  be  i  mile  instead  of  I  mile. 
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^e  same  steady  r^;tilar  manner  tliat  a  tnmk  ia  niaed  vpoit 
aa  hotel  Iift»  and  that  in  the  same  way  a.moontam  tt 
gradually  raised  along  its  whole  length,  in  one  steady 
motion.  I  think  we  may  well  doubt  if  continental  elevaiioii 
of  this  kind  has  ever  taken  place ;  and  we  often  see  that  the 
direction  of  elevation  may  change  from  North  and  South  to 
East  and  West,  as  may  be  seen  in  the  Miocene  of  North 
Europe.  Of  course  the  general  tendency  of  the  morementi 
may  continue  for  a  long  time  in  one  direction,  as  seen  in 
the  Pliocene  of  Italy.  In  the  Messinian  and  Aatiaa  peribdi 
the  North  of  Italy  shows  that  there  was  constant  alteration 
of  direction,  and  the  uppermost  Pliocene  of  Sicily  that  there 
there  was  movement  sometimes  up  and  sometimes  down; 
but  nevertheless  through  the  whole  there  has  been  a  genenl 
elevation  of  the  Italian  peninsula. 

In  geological  text  books  we  fjrpinw*"**^-  ^    *■    ' 
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Having  learnt  that  this  was  not  a  steady  movementy  but 
oscillation,  we  see  that  this  4000  feet  very  imperfectly 
represents  the  amount  of  elevation  and  subsidence  in  these 
two  periods,  being  probably  many  times  as  great  as  indicated 
by  the  geological  phenomena.  The  changes  at  Naples  and 
other  places  justify  us  in  concluding  that  there  must  have 
been  manv  minute  variations,  and  that  the  number  obtained 
by  geological  evidence  may  require  to  be  multiplied  many 
times  to  give  9.  correct  idea  of  the  total  amount  of  alteration. 

That  such  great  changes  cannot  be  taking  place  all  over 
the  crust  of  the  earth  without  altering  the  position  of  the 
centre  of  gravity  must  be  apparent  to  all,  and  evejy  altera- 
tion must  change  the  position  of  the  axis  of  the  earth,  unless 
the  alteration  should  happen  to  be  along  the  line  of  the  equator. 

It  must  be  a  matter  of  the  greatest  satisfaction  to  all  geolo- 
gists, that  latterly  the  mathematicians  are  giving  their 
attention  to  this  interesting  subject.  They  have  shown 
exactly  how  much  sinking  or  rising  would  be  necessary  to 
produce  given  effects,  but  when  the  ultimate  amount  of 
change  since  the  Eocene  is  considered  it  is  found  insufficient 
to  account  for  such  a  change  of  position  of  the  poles  as  is 
required  to  explain  the  luxuriant  flora  which  existed  north 
of  80°  lat. 

I  have  calculated  the  amount  which  an  elevation  of  Sicily 
to  the  height  of  500  feet  would  produce.  Using  the  formula 
given  by  *  Prof.  Haughton  in  a  paper  to  the  Royal  Society, 
we  find  that  such  an  elevation  would  move  the  pole  141  feet 
towards  Behring's  Strait,  but  the  total  shifting  which  would 
be  caused  by  the  movements  of  the  4000  feet  just  mentioned 

♦  Notes  on  Physical  Geology,  by  the  Rev.  S.  Haughton,  M.A.,  F.R.S. 
&c.  Proc.  of  Royal  Kocioty,  vol.  xxvi.  1877,  March  8th,  an  abstract  is  g^ven 
in  Nature,  April  19th,  1877.  The  formula  is  r  ^  =  —  14-11  («w  'X'  — 
cos  ^\)  r0-=,  the  distance  in  miles  that  the  axis  would  be  moved  by  an 
elevation  of  an  area  of  6  degrees  of  longitude  from  the  original  surface  of 
the  solid  earth  to  1000  feet  above  the  mean  sea  level,  \  and  X'  being  the 
lowest  and  highest  degrees  of  latitude  on  each  meridian. 


would  instead  be  1128  feet,  but  any  moyement  of  ih»  irj 
land  also  repreaente  a  moTement  of  ite  dbaxe  of  ihe  cabniariM 
land,  and  as  the  proportion  of  ilie  sea  to  the  land  ia  abontas 
5  to  2,  this  would  leave  a  shifting  of  2820  feet  oanaed  by 
the  movements  traced  in  this  small  island  of  Sicily,  in  the 
Messinian  and  Astian  periods. 

The  Pleistocene  gives  another  4230  feet,  in  all  70S0 
feet  or  rather  more  than  a  mile  and  a  quarter  of  shifting 
backwards  and  forwards  since  the  Miocene^  so  that  the  141 
feet  of  ultimate  change  (taking  the  elevation  at  600  feel^ 
or  if  1000  feet  is  taken  282  feet)  represente  osrillationa  ol 
the  pole  of  at  any  rate  over  7000  feet,  probably  mai^  tfanes 
more. 

The  astronomers  have  not  at  present  found  any  indiciations 
of  a  change  of  position  of  the  axis,  since  the  time  when 
their  more  exact  observations  enable  them  to  judge^  but  it 
must  not  be  forgotten  how  very  small  the  changes  are  that 
would  be  produced  by  such  alterations  as  we  know  to  have 
taken  place  since  the  commencement  of  the  historical 
period,  for  although  the  raising  of  a  small  continent  would 
alter  the  position  of  the  poles  several  miles,  the  raising  of  a 
small  part  a  few  foot  would  have  a  very  slight  effect.  For 
instance,  the  elevation  of  Vesuvius  from  the  sea  level  to  ite 
present  height  of  4000  feet  would  only  change  the  position 
of  the  poles  a  little  more  than  *one  two  thousandth  part  of 
an  inch.  The  elevation  of  Etna  would  move  it  about  t^  of 
an  inch,  and  the  Chili  earthquake  woidd  have  about  the 
same  effect,  so  that  the  astronomers  may  be  let  off  witlioat 
much  blame  if  they  do  not  discover  such  changes  as  there  is 
reason  to  believe  have  taken  place  in  the  scientific  period. 

Perhaps  no  observation  is  more  important  in  ite  bearing 

*  The  formula  used  is  :  —  taa  20  =  936.6  p  sin  2  X,  as  g^ivea  by  Vtot 
Haughton,  he,  cit,  0  =i  tho  displacement  of  the  axis ;  p  =  the  ratio  of  tho 
weight  of  an  elevated  mass  to  the  weight  of  the  whole  earth ;  X  =  lAtiftiids> 
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on  cosmical  phenomena  than  that  of  an  eclipse  in  Babylon 
in  721  B.C.,  and  bv  that  it  is  found  that  the  earth  is  now 
rotating  *1 1 J  seconds  a  year  slower  than  it  did  then.  This 
the  astronomers  have  put  down  to  the  tidal  retardation 
which  of  course  must  have  a  constant  eflfect,  and  I  suppose 
it  could  be  easily  calculated  if  the  quantity  of  water  on  the 
globe  and  its  position  were  known,  but  as  we  have  even  yet 
much  to  learn  about  the  ocean  in  warm  and  temperate 
regions  and  know  nothing  about  the  amount  and  what  is  in 
a  movable  state  at  the  poles,  it  is  quite  impossible  that  this 
question  could  yield  to  calculation  even  were  the  form  of 
the  earth  exactly  known. 

The  influence  of  changes  of  level  of  the  land  seem  to  me 
certainly  worthy  of  as  much  consideration  as  tidal  retarda- 
tion. Prof.  Thomson  points  out  that  Prof.  Newcomb  has 
shown  that  this  loss  does  not  seem  to  be  uniform  at  present, 
as  the  earth  was  going  slower  from  1850  to  1862  and  faster 
from  1862  to  1872.  Might  not  such  changes  be  partly 
accounted  for  by  the  elevations  and  subsidences  believed  to 
be  always  taking  place  P 

Although  the  changes  during  historical  times  are  com- 
paratively insignificant,  when  we  look  a  little  further  back 
they  are  found  to  be  very  great.  Since  the  beginning  of 
the  Miocene,  the  greater  part  of  Europe,  and  Asia,  and  North 
Africa  has  been  raised  above  the  sea ;  and  the  amount  of 
land  between  North  America  and  Europe  has  during  part 
of  that  time  been  much  greater  than  at  present.  The  geo- 
graphical distribution  of  animals  shows  that,  in  this  time, 
the  Indian  Ocean  has  much  increased  by  the  subsidence  of 
parts  of  large  continental  areas,  for  Australia  has  been 
much  more  extensive,  and  many  have  considered  there  is 
evidence  of  an  Indo- African  connection,  but  the  amount  of 

*  Address  of  Sir  William  Thomson  to  the  Physical  Section  of  the  British 
Association,  1S76. 


dioplaoement  oamnd  by  indi  an  devation  at  tlist  of  Asia  is 
bat  small,  being  about  19  mileB  for  an  deratiaii  of  1000 
feet,  and  a  sinking  in  the  oenbal  India  Ooeaa  would  more 
the  poles  in  the  same  direction  as  die  Asiatio  elevation. 

It  would  very  frequently  happen  that  the  foroea  at  woik 
in  one  quarter  balance  thoee  in  another,  and  thia  would 
more  often  be  the  case  if  the  distribution  of  land  and  sea 
was  more  symmetrical  than  at  present,  as  then  the  shifting 
of  the  frater  would  have  less  effect  than  now,  for  Ihis  in 
certain  parts  and  under  certain  conditions  may  be  a  more 
powerful  disturbing  agent  than  the  simple  elevation  of  land, 
and  moreover  the  elevation  or  subsidence  of  equal  areas  in 
different  latitudes  gives  very  different  results^  so  thai  if  a 
band  of  elevation  in  the  40th  latitude  was  adjusted  by  an 
equal  band  of  subsidence  in  the  20th,  the  permanent  resnU 
would  be  about  one-half  of  that  of  the  elevation  alone.  The 
curve,  No.  1,  shows  the  amount  of  diapkcement  prodnoed 
by  an  elevation  of  an  area  of  five  degrees  of  longitude  and 
the  same  number  of  degrees  of  latitude,  for  various  latitudes, 
worked  out  by  the  formula  given  in  page  29.  The  amount 
of  elevation  is  from  the  normal  surface  to  1000  feet  above 
the  sea  level.  All  these  calculations  are  based  upon  a 
perfectly  solid  earth,  but  should  a  fluid  interior  be  allowed, 
then  of  course  the  displacement  would  be  much  greater. 

The  whole  question  partly  depends  on  whether  the  earth 
is  sufficiently  yielding,  so  that  it  can  take  a  fresh  figure  of 
rotation  when  the  axis  is  shifted,  but  knowing  that  it  has 
been  able  to  bob  up  and  down  so  frequently  in  Italy  and 
elsewhere,  and  to  such  groat  extent,  we  may  surely  conclude 
that  the  enormous  centrifugal  force  will  soon  tend  to  mak^ 
the  equatorial  bulge  symmetrical,  and  that  the  approxima^.a« 
figure  of  rotation  would  be  brought  about  in  whatev< 
position  the  earth  was  placed. 
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OLD  OAK  TREES. 


Mr.  E.  W.  BiNKEY  wished  to  call  the  attention  of  the 
members  to  a  Paper  by  him  "  On  the  Geology  of  Manchester 
and  its  Neighbourhood,"  printed  in  VoL  III.,  p.  355,  of  the 
Transactions  of  the  Society,  which  those  present  at  the  last 
meeting,  when  a  communication  ''  On  Old  Trees  in  the  Bed 
of  the  Irwell  at  Brooksbottom,"  by  the  Bev.  Addison 
Crofton,  M. A.,  was  read,  appear  not  to  have  been  acquainted 
with.  After  describing  at  length  the  valley  gravels  near 
Manchester,  and  discussing  their  origin,  he  said :  I  observed 
another  section,  lately  made  in  Lockett  Street,  Strangeways. 
In  the  cutting  of  a  sewer  down  to  twenty  feet — about  the 
level  of  the  river  (Irwell) — the  workmen  there  cut  through 
beds  of  gravel,  sand,  and  silt,  and  a  large  oak  tree  lay  at  the 
bottom  of  the  sewer,  by  which  their  operations  were  a  good 
deal  inconvenienced.  At  the  Gaythom  Gas  Works,  some 
years  since,  after  cutting  through  sand,  silt,  and  valley 
gravel,  the  workmen  found  large  oak  trees  at  the  bottom  of 
this  gravel,  one  of  which  was  four  or  five  feet  in  diameter. 
The  trees  at  Gaythom,  in  the  valley  of  the  Medlock,  Man- 
chester, are  fully  described  in  Vol.  VIII.,  p.  210,  of  the 
Memoirs  of  the  Literary  and  Philosophical  Society.  In  the 
first-named  Paper  he  shows  the  changes  that  have  taken 
place  in  the  course  of  the  Irwell,  in  the  valley  gravel  at 
Broughton,  in  modem  times,  and  suggested  that  the  old 
plans  belonging  to  the  Broughton  estate,  if  they  could  be 
seen,  would  probably  give  the  rate  of  such  change. 


REMARKS    UPON    A    FLINT    ARROW    TIP 
AND   SOME   FLINT   FLAKES 

FOUND  IN  THE  NEIGHBOURHOOD  OF  BACUP,  ALSO  UPON 
SOME  STONE  IMPLEMENTS  RECENTLY  DISCOVERED  AT 
LANDS  END,  CORNWALLi  AND  OTHER  PliAGES^ 

By  Mb.  John  Attken,  F.G.S. 


It  may  be  remembered  tbat  in  the  course  of  a  abort  paper 
eontributed  to  tbis  Society  on  tbe  30tb  of  June,  1874,  *'  On 
ibe  occurrence  of  Higb  Level  Drift  in  tbe  Neigbbourbood 
of  Bacup,"  I  exbibited  and  referred  to  two  flint  flakea 
wbicb  I  bad  obtained  from  tbe  summit  of  Bull  WM,  and  at 
tbe  same  time  pointed  out  tbat  from  tbeir  form  and  general 
cbaracter,  no  doubt  could  be  entertained  tbat  tbey  bad  been 
produced  by  artificial    means.      Since  tbat  time  furtbef 
investigation  at  tbe  same  place  bas  resulted  in  tbe  discovery 
of  some  fifty  or  sixty  flakes  and  chips,  together  with  an 
arrow  tip  and  a  flint  core,  the  number  of  small  fragments 
at  one  spot  being  so  great  as  to  lead  to  the  inference  tbat  a 
manufactory  of  flint  weapons  had  been  carried  on  there. 
The  finding  of  worked  flints  in  this  position  suggested  tbe 
probability  that  a  diligent  search  would  reveal  others  in 
similar  situations  in  the  neighbourhood,  and  I  have  now  tbe 
satisfaction  of  announcing  that  through  the  exertions  of  a 
number  of  observers,  worked  flints  have  already  been  dis- 
covered in  three  or  four  additonal  places,  the  most  interesting 
discovery,  however,  occurring  at  Tooter  Hill,  an  elevated 
and  prominent  summit  of  the  Pennine  Range,  about  two 
miles  east  of  Bacup,  where,  in  addition  to  a  number  of  flint 
flakes  of  the  usual  type,  a  true-worked  and  well-formed 
arrow  tip  bas  been  picked  up,   from  wbicb,  however,  tbe 


point  hta  unfortunately  been  broken,  either  from  having 
been  used  or  more  probably  by  fracture  in  the  course  of 
manufacture,  and  consequently  rejected  as  useless  at  the 
time.* 

The  discovery  of  this  worked  arrow  tip  is  important,  as 
placing  beyond  doubt  the  face  not  only  that  man  was  an 
inhabitant  of  these  districts  in  pre-historic  times,  but  that 
he  also  made  use  of  flint  for  the  fabrication  of  his  weapons, 
the  finding  of  which,  I  trusfr,  will  have  the  eflect  of  com- 
pletely removing  any  lingering  doubt  which  may  still 
remain  upon  the  mind  of  even  the  most  sceptical,  as  to  the 
artificial  nature  of  these  chipped  flints.  It  is  found,  now 
that  attention  is  being  more  and  more  directed  to  this 
branch  of  investigation,  that  these  ancient  memorials  of 
man's  existence  are  much  more  widely  distributed  than  was 
at  one  time  supposed,  for  not  only  have  they  been  found  in 
association  with  his  bones  in  places  of  sepulture,  and  in  caves 
and  rock  shelters,  but  also  more  recently  on  many  of  the 
hills  of  Lancashire,  Derbyshire,  Yorkshire,  Northumber- 
land, and  other  places,  where  the  physical  features  are 
favorable  for  their  detection,  and  where  sufficiently  accurate 
investigation  has  taken  place.  Flint  in  an  unworked  state 
is,  as  has  been  pointed  out  on  previous  occasions,  exceed- 
ingly scarce  in  this  part  of  Lancashire,  the  material  for  the 
fabrication  of  these  implements  must,  therefore,  have  been 
introduced  by  man  for  the  purpose  of  being  worked  up  by 
him,  and  thus  made  to  minister  to  his  wants  and  con- 
veniences. 

Li  addition  to  the  foregoing  notice,  I  desire  also  to  call 
the  attention  of  the  Society  to  a  number  of  flakes  and  other 
worked  stones  I  have  recently  met  with  at  Land's  End,  in 

*  Mr.  Thomas  Aitken  and  myself  have  found  flint  flakes  at  Broadclouhg 
Shepherd's  Height,  Dirpley,  and  Tooter  HiU,  in  the  nfighhourhood  of 
BacQp,  and  the  first-named  gentleman  was  also  the  fortunate  discoverer  of 
the  worked  anrow  tip  referred  to. 
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Oomwally  and  also  upon  an  eminence  ntnated  between  fhe 
east  and  west  branches  of  the  Biver  Allen,  about  2  miles 
west  of  Allendale  town,  in  the  county  of  NorthumberlancL 
In  the  former  instance  (viz.,  at  Land's  End)  the  find  consists 
of  about  twenty  pieces  of  flint  and  one  of  quartz — seventeen 
being  of  the  ordinary  type  of  flint  flakes  and  chips,  one  a 
small  flint*core,  one  a  portion  of  a  core,  which  appears  to 
have  been  used  as  a  "  strike-a-light,"  and  one  a  chipped 
quartz  crystal,  worked — ^although  somewhat   rudely — ^into 
the  form  of  a  spear,  or  javelin  point.     They  were  found 
exposed  in  a  section  at  the  side  of  a  small  ravine,  about  one 
mile  south  of  Land's  End  Hotel,   lying  beneath  about  a 
foot  of  surface  soil,  upon  a  matrix  of  decomposed  granite 
several  feet  in  thickness.     And  in  the  latter  instance  (vis., 
Allandale),  I  found  in  about  two  hours  from  twenty  to 
thirty  flint-flakes  and   chips,   and  one    beautifully-formed 
arrow  tip,  and  many  others  have  been  collected  during  the 
last  twelve  months  at  the  same  spot.*    The  occurrence  of 
worked  flints  in  Cornwall  is  the  more  remarkable,  seeing  that 
no  flint  from  which  they  could  have  been  made  is  found  in 
aiiu  nearer  than  the  county  of  Dorset,  at  a  distance  of  some 
220  miles  to  the  N.E.,  nor  yet  could  the  material  have  been 
derived  from  the  drift  [as  in  some  instances  further  to  the 
north],  as  no  deposit  of  this  character  is  with   certainty 
known  to  exist  in  this  or  the  adjoining  county  of  Devon ; 
and  the  same  remark  applies,  with  but  slight  variation,  to 
the  Northumberland  site,  for  there,  although  drift  exists  in 
considerable  quantities,   flint,   I  am  informed,  is  altogether 
unknown  in  the  district. 

The  occurrence  of  chipped  flints  in  Cornwall  has  been 
known  for  several  years  past,  and  attention  has  been  drawn 


*  A  few  days  before  I  visited  the  spot,  the  Kev.  W.  Howchin,  of  Halt- 
whistle,  secured  twenty  or  thirty  flint  flakes,  three  very  perfect  arrow  tips, 
and  two  portions  of  a  polished  green  stone  celt  or  hatchet. 


287 

to  the  fact  on  more  than  one  occasion ;  amongst  others  hy 
Mr.  N.  Whitley,  C.E.,  Hon.  Sec.  of  the  Royal  Institution  of 
Cornwall,  who,  in  a  series  of  papers  read  before  that  Society 
in  1875,  after  describing  a  number  of  places  in  which  flint 
flakes  and  other  ''so-called"  worked  stones  had  been  found 
in  the  counties  of  Devon  and  Cornwall,  contended  at  great 
length  that,   from  their  occurrence  in  such   considerable 
numbers,  the  wide  extent  of  their  distribution,  and  their 
capability  of  being  produced  by  the  simple  operations  of 
nature,  their  origin  was  to  be  attributed  to  this  cause,  rather 
than  to  artificial   means.     I  conceive,   however,   notwith- 
standing the  ability  and  ingenuity  with  which  Mr.  Whitley 
advocates  his  views,  that  if  we  fairly  and  impartially  examine 
and  weigh  the  evidence  pro  and  con,  inspect  the  specimens 
themselves,  and  consider  the  difficulty  of  accounting  for  the 
presence  of  flint  in  these  out-of-the-way  districts,  taken  in 
conjunction  with  the  overwhelming  concurrence  of  testimony 
on  the  part  of  those  who  have  given  special  attention  to  this 
subject,  we  shall  experience  no  difficulty  in  declining  to  be 
g^ded  by  Mr.  Whitley's  reasoning,  nor  yet  in  coming  to 
the  conclusion  that  they  are  really  and  truly  works  of  art, 
and  that  their  presence  in  the  situations,  and  under  the  con- 
ditions named,  enable  us  to  speculate  with  more  probability 
than  by  any  other  evidence  which  has  come  down  to  us,  as 
to  man's  social  state,  and  the  conditions  imder  which  he 
existed  in  those  remote  and  far-off  periods  of  time  in  the 
world's  history. 


SPECIMENS  EXHIBITED  ILLUSTRATING  THE  FOREOOINa 

PAPER. 

Bt  Ma.  John  Aitkbx. 

No.  1.  Arrow  tip  (fractured)  and  three  flint  flakes,  No.  2  showing  bulb  of 
concussion.    Tooter  Hill,  Bacup. 

No.  2.  Chert  flake.    Shepherd's  Height,  Bacupi 


ITOb  ft.  AT-y***r*"     BrandwMHl  Hoot,  Bunp. 
Vo.<.  Foot  flint  SikM.     Btoaddough,  Bacup. 
Vo.  S.  CUppadffiBt    Dirpley  IlilL  near  Bacnp. 
'  ir«.  C  Bix  fliBl  flakM.    Land's  End,  Cornwall.    No.  8  Bhowing  bu[b  of 


Vo.  7.  ElM «n.    Lwada  End,  CamvalL 
Mo.  S.  TSat  "abnka^lisht.-     Und'i  End,  CorniralL 
ITo.  9.  Cai^pid  qnuti    crj-aUl,    pcobablf    intended    for  a.  ipear  iumL 
Lwd*!  bd,  OamwdL 
ir«.  IS.  Ow  anvw  ^  and  isTen  flint  fliikw.    Bull  QUI,   nflu  Bum- 
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ANNUAL    MEETING. 


The  Annual  Meeting  of  the  Members  of  the  Society 
was  held  on  Tuesday,  the  30th  October,  in  the  Literary  and 
Philosophical  Society's  Rooms,  George  Street,  Manchester ; 

Professor  W.  Boyd  Dawkins,  F.R.S.,  President, 

in  the  Chair. 

Mr.  Daniel  Adamson,  F.G.S.,  The  Towers,  Didsbury ;  Mr. 
David  Arthur,  Baxenden  Collieries,  near  Accring^n ;  Mr. 
James  Atherton,  16,  Acresfield,  Bolton ;  Mr.  Lewis  Jackson, 
Bocher  Colliery,  Ashton-under-Lyne ;  Mr.  Maskell  W.  Peace, 
Wigan ;  Mr.  George  Robins,  Ashton,  near  Newton-le-Wil- 
lows;  Sir  Ughtred  Kay-Shuttleworth,  Bart.,  M.P.,  Gaw- 
thorpe  Hall,  Burnley  j  Mr.  James  SmaUshaw,  Westleigh, 
near  Manchester;  Mr.  Joseph  Wild,  Smithfold  Colliery, 
Little  Hulton;  and  Mr.  Harold  George  Wheeler,  The 
Cockey  Moor  Colliery  Company,  Radcliflfe,  were  elected 
ordinary  members  of  the  Society. 


ON   THE   ANTIQXJITT   OP   MAW. 
Bt  W.  Botd  DAWKim,  M.  A.«  F  JLS. 


S.   Tk§  Antiqm^  of  Mm. 

(«.}   HU  CmwM  (km  Bgfkmkm. 

(5.)  CtmO'Mm  proMiy  on  Mdrimm, 

(ff.)  Nortktm  tmd  SmUhum  Jmimab  in  Citnfmmm  Umi  tipihtt, 

(«.}  iSMCwMv  1/  Mmi  Ml  ^A«  lliiiii^aiWf  jAvIimi  Ai  VitkHt  Cm$  1 

(/.}  iVb  iVw/  0/  JnUrgUMl  Mm  «•  A^iidik 

(^.)  iVbr  m  SwUurUmd. 

(4.)  (7AM  «<nil«  with  implmmiti  Ai  JWfdii. 

(iL)  Mtm  probMjf  pro-pott  and  hUrfituiai  in  Mnmpo, 

(it.)  Giaeinl  FoHod  not  a  ttmitrd, 

(L)  l%o  aooertod  Floiootm  Mm  of  JDmIm. 

(m.)  Tkt  SMmm  Skntt  Mi  (Mum. 

(«•.)  Tks  Cut  ionoo  of  l^§omp, 

(o.)   l%o  aotertod  Meioeono  Mtm  of  Tkmmn. 

(j».)  AMtiqmUp  of  Mmt  not  wmmum^h  in  itrm  of 


I.  The  Coal  Measures  of  the  Sottth  of  Ekolakd. 

In  taking  stock,  to  borrow  a  mercantile  term,  of  the 
net  results  of  geological  and  palaeontological  enquiry 
during  the  last  session,  we  have  to  remark  that  the 
additions  to  our  knowledge  have  consisted  in  detail  rather 
than  in  the  discovery  of  great  principles,  and  that  the 
ground  already  conquered  from  the  region  of  the  unknown 
has  been  resurveyed  and  more  minutely  parcelled  up, 
instead  of  being  increased  by  large  slices  of  territory. 
The  most  important  discovery  which  concerns  us  in  Man- 
chester is  that  of  the  Devonian  rocks  underneath  London, 
met  with  in  Messrs.  Meux's  deep-sinking  for  water,  at  a 
depth  of  1073  feet.  This  not  only  verifies  a  similar  dis- 
covery years  ago  in  Kentish  Town,  but  it  proves,  by  the 
high  angle  at  which  the  strata  dip,  that  the  primary  land- 
surface  under  the  secondary  rocks  in  that  district  is  thrown 
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into  a  series  of  folds^  as  is  the  case  in  Belgium  and  Somer- 
setshire,  and  that  in  the  neighbourhood  of  the  metropolis 
there  is  evidence  of  coal-fields^  analogous  to  those  of  the 
regions  above  mentioned,  and  probably  at  a  workable  depth. 
There  is  every  reason  to  believe  that  eventually  these  will 
be  discovered,  and  a  change  brought  about  by  which  centres 
of  manufacture  will  be  established  in  the  south  of  England, 
similar  to  that  which  has  taken  place  in  Lancashire.  These 
two  borings  offer  a  base-line,  so  to  speak,  for  the  discovery 
of  the  coal-fields  in  the  south  of  England,  which  has  hitherto 
been  wanting.  It  must  be  remembered  that  down  to  the 
middle  ages  Kent  and  Sussex  were  the  home  of  the  iron 
trade,  while  the  forests  afforded  fuel  for  smelting,  and  that 
therefore  the  establishment  of  manufactures  based  upon  the 
production  of  coal  would  merely  be  a  return  of  commercial 
industry  to  its  ancient  seats — one  of  the  many  instances  of 
a  tendency  in  things  to  repeat  themselves. 

2.  The  Antiquity  of  Man. 
(a.)  The  Creswell  Cave  Exploration, 
I  turn  from  this  practical  mutter,  which  is  worthy  of  the 
attention  of  enlightened  statesmanship,  to  a  question  which 
has  been  very  prominently  brought  forward  during  the  last 
year,  the  antiquity  of  man.  The  recent  discoveries  in  the 
caves  of  Creswell  Crags,*  on  the  borders  of  Nottinghamshire 
and  Derbyshire,  have  not  only  proved  that  man  lived  in  the 
hunter  stage  of  civilization  in  the  valley  of  the  Trent  and 
its  tributaries,  along  with  the  mammoth,  woolly  rhinoceros, 
cave  hysena,  bear,  lion,  and  reindeer  and  other  creatures,  but 
that  he  presents  traces  of  a  progress  in  knowledge.  In  the 
lowest  stratimi  in  these  caves  implements  of  the  rudest  and 
roughest  form,  made  of  quartzite  pebbles  from  the  neigh- 
bouring permian   conglomerate,  were  the  only  tools  left 

*  Quart.  GeoL  Joum.    Lond.,  Aug.,  1877|  p.  181. 


Iwliiiid  hj  the  hoiitar .     In  the  middle  stratum,  oompi 

nd  MTth,  he  used  better  implements  of  flint,  brought  from 

■  ft  diBtuioe^  while  in  the  uppci*  portion  of  the  cave  earth  and 
in  the  braooia  all  hii  cutting  implements  were  made  of  flint, 
Mtd  are  of  a  higher  order.  Diiring  this  period  also,  he  used 
bone  needlee  and  various  implements  of  bone  and  antler,  and 
has  left  behind  lanarkablc  proof  of  his  artistic  skill  in  the 
^nre  of  ahona  engraved  on  a  fragment  of  rib  (on  the  table). 
nuB  asqnenoe  eataUishes  the  fact,  that  eren  in  the  pali«>- 
U&io  age  the  himterH  of  roindeer,  horse,  mammoth  and  other 
oreatnres  were  pw^jirssivc,  and  that  the  cave  dwellers  of  the 
pteietooene  age  are  to  be  looked  upon  from  the  same  point  of 

.  view  as  mankind  at  the  present  time,  as  "  one  man  always 
living  and  inoeesantly  learning."  Among  other  additions 
made  b^  these  oavea  to  the  fauna  of  the  north  of  England  is 
that  of  fhe  great  sahre-toothed  feline,  Mafhairodm  hiidetis, 
whioh  hitherto  has  only  been  met  with  in  two  caverns,  in 
Kenfe  Hole^  in  Devonahire,  and  the  cave  of  Baume,  in  the 
Jura. 

(&.)    Caix  man  probably  an  Eskimos. 
The  figure  of  the  horse  is  identical  in  design  with  thoae 
left  behind  by  the  hunters  of   reindeer   in  the  cavea   of 
Anvergne  and  of  Thayingen,  and  therefore  proves  that  die 
inhsbitaata  of  the  Creswell  oaves,  during  the  time  that  the 
upper  stratum  was  being  accumulated,  were  in  the  same 
stage  of  artistic  culture  as  the  cave-dwellers  of  southern 
France  and  of  Switzerland.     Witii  regard  to  the  question 
who  was  he  f   the  conclusion  at  which  I  arrived  in  1866,* 
from  the  discoveries  in  the  caves  of  Franoe,  that  he  ii 
represented  at  the  present  time  by  the  Eskimos,  is  strength- 
ened by  the  whole  body  of  facts  made  known  since  that 
time.    Keverthelees  it  must  be  viewed  as  a  probable  hypo — 
thesis  rather  than  as  a  well  ascertained  fact. 
■  SatttrJof  Smne,  D«o.  S, 
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(c.)   Northern  and  Southern  Animah  in  Cave^fauna  lived 

together. 

The  fauna  by  which  the  palsBolithic  hunter  was  surrounded 
was  composed  of  a  singular  mixture  of  northern  and  southern 
types.  At  Creswell,  for  example^  we  find  that  the  hysenas, 
not  distinguishable  in  species  from  the  spotted  hysena  of 
South  Africa,  preyed  upon  the  reindeer,  so  characteristic 
now  of  cold  regions,  and  in  several  bone  caves,  such  as  those 
of  Kirkdale  and  the  Victoria  cave  in  Yorkshire,  the  hippo- 
potamus is  associated  in  the  same  ossiferous  stratum  with 
the  reindeer,  as  is  also  the  case  in  several  river  deposits. 
The  only  explanation  which  I  can  offer  of  this  fact  is,  that 
in  the  pleistocene  age  the  continent  extended  from  northern 
Africa  as  far  as  the  British  Isles  and  the  himdred  fathom 
line,  and  that  during  the  changes  of  season  the  northern  and 
southern  forms  of  life  overlapped.  The  view  held  by  Dr. 
James  Geikie*  and  others,  that  the  southern  animals  were 
here  in  a  warm  interglacial  period,  while  the  northern  were 
here  in  a  colder  glacial  age,  is  negatived  not  merely  by  the 
association  of  remains  in  the  Creswell  caves,  but  by  a  similar 
association  of  forms  in  nearly  all  caves  extending  from  York- 
shire as  far  south  as  the  Alps  and  Pyrenees.  We  may  take 
the  fact  of  the  reindeer  having  formed  a  large  share  of  the 
food  of  the  hyaena  in  France,  Germany,  and  Britain,  as 
tolerably  good  proof  that  both  lived  in  the  same  region  at 
the  same  time. 

(rf.)   Man  here  in  Late  Pleistocene  Times. 

The  evidence,  offered  by  all  the  caves  in  the  area  from  the 
Alps  and  Pyrenees  as  far  north  as  Derbyshire,  is  clear  that 
palaeolithic  man  was  living  in  Europe  while  large  nimibers 
of  reindeer  were  living  here,  or  in  other  words  in  the  late 
pleistocene  age,  when  the  arctic  animals  were  abundant. 

♦  "  Ice  Age." 
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age.  If  this  improbability  be  admitted^  and  we  believe  that 
znan  is  represented  in  the  pleistocene  fauna  of  the  cave^  the 
rdation  of  that  fauna  to  the  glacial  period  in  that  spot  is 
still  a  matter  of  dispute. 

(/.)   No  proof  of  Interglacial  Man  in  Britain. 

Nor  do  we  meet  with  indisputable  proof  of  interglacial  or 
preglacial  man  in  any  other  stratum  in  this  country  or  on 
the  continent.  The  case,  supposed  to  be  decisive  on  the 
point,  of  the  flint  implements  in  the  deposit  at  Brandon, 
published  by  Mr.  Skertchley  more  than  a  year  ago,  still 
remains  xmverified,  some  high  authorities,  including  Prof. 
Hughes  and  Mr.  Bonney,  believing  that  it  belongs  to  the 
same  post  glacial  period  as  the  ordinary  implement-besu^g 
river  strata. 

{g,)  No  proof  of  Interglacial  Man  in  Smtzerland. 

The  proof  that  man  was  living  in  Switzerland  in  inter- 
glacial times*  is  in  my  opinion  founded  on  insufficient  data. 
It  is  based  solely  on  four  small  pointed  sticks,  the  largest  of 
which  is  of  the  size  and  shape  of  a  cigar,  in  the  interglacial 
deposit  at  Diimten,  and  considered  by  Professors  Riitimeyer 
and  Schwendauer  to  offer  proof  of  the  presence  of  man  in 
those  times,  because  they  are  rounded,  pointed,  and  traversed 
by  lines  of  fibre  running  at  right  angles  to  their  long  axes, 
supposed  to  be  fossil  basket-work.  Last  summer,  on  exam- 
ining these  specimens,  thanks  to  the  kindness  of  my  friend, 
Prof.  Biitimeyer,  at  Basle,  I  was  struck  b;  their  resem- 
Uanoe  to  knots  out  of  rotten  pine  trunks,  in  which  a 
similar  form  is  frequently  to  be  observed.  As  the  woody 
fibre  of  the  trunk  decays  the  hard  resinous  knots  stand  out 
in  relief,  and  as  they  approach  the  central  pith  of  the  tree 

•  Archiv  fur  Anthropologie,  Aug.  1876,  p.  133.  Heer  Primeval  World 
of  SwitKerland,  transl.  hy  James  Heywood,  ii  Appendix  1. — Quart.  Geol. 
Jouni.,  Aug.  1877,  p.  611. 
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(e.)  No  JBmdence  qf  Man  m  Phidoeen$  Straimm  qf  Viekrm 

Oaoe, 
It  has  been  asserted  by  several  oompeteat  aoliioriiieB  tliit 

we  have  evidence  of  man  at  an  earlier  period  than  fliisy  in 
interglaoial  or  preglacial  times,  and  the  assertion  is  wdl 
worthy  of  criticism.  The  first  case  on  which  it  is  loiinded 
is  that  of  the  Yictoria  cave,  in  which  the  evidence  of  man's 
presence  consists  of  a  fragment  of  a  fibula  and  two  ont 
fragments  of  bone.  The  former  has  been  proved  by  the 
discussion  in  the  last  session  of  the  Qeological  Society  <d 
London  and  the  Anthropological  Institute  to  belong  most 
probably  to  the  cave  bear,  and  to  be  far  too  equivooal  in  its 
nature  to  form  the  basis  of  any  generalization*  The  latter 
are  considered  by  Mr.  Davies,  of  the  British  Husenm,  to  be 
recent  bones,  and  not  in  the  same  state  of  presarvatian  as 
as  the  fossil  bones  from  the  pleistocene  stratum.  The  outs 
upon  them  seem  to  me  to  have  been  made  by  the  shaip 
edge  of  metal. 

They  belong  to  tho  goat,  an  animal  which  hitherto  has 
been  unknown  in  the  Pleistocene  caves  and  river  deposits  of 
Britain,  and  which  is  equally  conspicuous  by  its  absence 
from  similar  strata  both  in  France  and  Switzerland,  accord- 
ing to  the  experience  of  my  friends  Prof.  Gaudry,  of  Paris, 
and  Riitimeyer,  of  Basle.*  Similar  bones  occur  in  abun- 
dance in  the  superficial  layer  in  the  Yictoria  cave,  similarly 
cut  and  in  the  same  recent  state,  and  they  might  readily 
slip  down  on  the  working  face  and  become  imbedded  in  the 
clay  at  the  bottom  of  the  cutting.  It  seems,  therefore,  to 
me  that  they  do  not  offer  the  kind  of  proof  that  is  wanted. 
If,  however,  they  be  taken  to  be  pleistocene,  it  must  be 
allowed  not  only  that  the  goat  was  then  in  Yorkshire,  but 
also  that  metal-using  peoples  were  present  in  the  pleistoooie 

•  This  aaierted  diflcoverj  of  goat  in  tho  Pleistocene  strata  in  the  caTee  of 
Belgium  by  M.  Dupont  has  not  been  Terified. 
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age.  If  this  improbability  be  admitted^  and  we  believe  that 
man  is  represented  in  the  pleistocene  fauna  of  the  cave^  the 
rdation  of  that  fauna  to  the  glacial  period  in  that  spot  is 
still  a  matter  of  dispute. 

(/.)  No  proof  of  Interglacial  Man  in  Britain, 
Nor  do  we  meet  with  indisputable  proof  of  interglacial  or 
preglacial  man  in  any  other  stratum  in  this  country  or  on 
the  continent.  The  case,  supposed  to  be  decisive  on  the 
pointy  of  the  flint  implements  in  the  deposit  at  Brandon, 
published  by  Mr.  Skertchley  more  than  a  year  ago,  still 
remains  xmverified,  some  high  authorities,  including  Prof. 
Hughes  and  Mr.  Bonney,  believing  that  it  belongs  to  the 
same  post  glacial  period  as  the  ordinary  implement-bearing 
river  strata. 

ig,)  No  proof  of  Interglacial  Man  in  Sidtzerland. 

The  proof  that  man  was  living  in  Switzerland  in  inter- 
g^lacial  times*  is  in  my  opinion  founded  on  insufficient  data. 
It  is  based  solely  on  four  small  pointed  sticks,  the  largest  of 
which  is  of  the  size  and  shape  of  a  cigar,  in  the  interglacial 
deposit  at  Diimten,  and  considered  by  Professors  Riitimeyer 
and  Schwendauer  to  offer  proof  of  the  presence  of  man  in 
those  times,  because  they  are  rounded,  pointed,  and  traversed 
by  lines  of  fibre  running  at  right  angles  to  their  long  axes, 
supposed  to  be  fossil  basket-work.  Last  summer,  on  exam- 
ining these  specimens,  thanks  to  the  kindness  of  my  friend, 
Prof.  Biitimeyer,  at  Basle,  I  was  struck  by  their  resem- 
blance to  knots  out  of  rotten  pine  trunks,  in  which  a 
similar  form  is  frequently  to  be  observed.  As  the  woody 
fibre  of  the  trunk  decays  the  hard  resinous  knots  stand  out 
in  relief,  and  as  they  approach  the  central  pith  of  the  tree 

♦  Archiv  ftir  Anthropologie,  Aug.  1876,  p.  183.  Heer  Primeval  World 
of  Switzerland,  tranaL  by  James  Heywood,  ii  Appendix  1. — Quart.  Oeol. 
Joom.,  Aug.  1877,  p.  611. 


ii^iflr  to  R  point  -in  the  same  way  as  these  of  Durntra. 
Tha^  are,  nu»eom',  covered  superficially  by  fibres  of  the 
trsnk  OTOflsiii^  tJiose  of  the  knots  at  right  luiglGS,  or  nearly 
ao^  pnoiflely  in  the  same  way.  The  Diimten  specimens 
htm  been  proTed,  bj  microscopical  examination,  to  be  com- 
pofed  of  tlieirood  of  the  red  fir  (abieti  excdm).  Under  these 
oilVamiitanoeB  I  have  but  little  doubt  of  their  being  knots 
out  of  a  decayed  fir  tree  of  interglacial  age,  and  I  beliere 
tium  to  present  uo  aign  whatever  of  the  handiwork  of  man. 
(A.)    Oldett  atrata  with  Imphmndx  i,i  Srittiui. 

Tiw  oldest  depoeit  in  this  country  which  prosonta  ua  with 
the  toaoea  of  man  ia  that  of  the  lower  brickearths  of  Cray- 
And  and  Erith  in  Sent,  which  is  characterised  by  a  faons 
intermediate  brtween  that  of  the  forest  bed  and  the  ordinary 
post-glacial  gravels,  and  in  which  the  survival  of  the  Pleio- 
oene  rbioooeros  megarhinui^  is  one  of  the  important  features. 
They  oonsist  of  two  flint  flakes  found  in  undisturbed  strata, 
one  by  the  Rev.  Osman  Fisher,  and  myself,  in  1872,  and 
the  other  by  Mr.  R.  W.  Cheadle,  in  1876.  Here  again  the 
precise  relation  to  the  glacial  deposits  is  in  dispute. 

(i.)   Man  probably  pi-e-post,  and  inter-glacial  m  Europe. 

While,  however,  the  interglacial  or  preglacial  age  of 
deposits  with  the  traces  of  man  is  uncertain,  there  is  every 
reason  for  the  belief  tiiat  palaeolithic  man  came  into  Europe 
along  with  the  fauna,  of  which  mammoths  and  reindeer 
were  prominent  members,  and  which  were  inhabitants  of 
this  country  before  the  glacial  period.  I  have  little  donbt 
but  that  he  was  living  in  middle  and  southern  France,  and 
it  may  be  in  this  country  also,  while  large  masses  of  ioe 
covered  Scotland  and  the  highlands  of  Lancashire  and  of 
Wales  with  huge  confluent  glaciers.  That  he  lived  in  thia 
country  after  the  maximum  glacial  cold  had  passed  away  is 
proved  by  the  implements  in  the  post-glacial  gravela  of 
Hoxne  and  Bedford. 
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(A.)  The  Glacial  Period  not  a  Standard, 
The  glacial  period  itself  does  not  present  ns  with  a  hard 
and  &6t  line,  as  is  sometimes  asserted.  It  does  not  divide 
one  &ima  from  another,  nor  does  it  map  o£E  the  Pleistocene 
series  of  events  from  the  Pleiocene  on  the  one  hand  or  from 
the  prehistoric  on  the  other.  It  cannot  therefore  be  consi- 
dered as  a  standard  by  which  to  measure  the  antiquity  of 
man,  which  can  only  be  arrived  at  by  the  method  invariably 
followed  in  geological  research  until  within  the  last  few 
years,  by  an  appeal  to  the  fauna  and  flora.  By  this  latter 
standard  the  traces  of  man  are  proved  to  be  late  Pleistocene 
in  every  case  except  that  of  the  lower  brick  earths  of  the 
Thames  valley,  because  of  the  abundance  of  Arctic  mam- 
malia with  which  they  are  associated. 

(/.)    The  Asserted  Pleiocene  Man  of  Denise. 
The  remains  of  man  are  asserted  to  occur  in  deposits  of 

vastly  higher  antiquity  than  those  considered  above,  in 
pleiocene  and  meiocene  strata.  A  human  skeleton  found  at 
Denise,  near  Le  Puy,  is  stated  to  have  been  buried  in  vol- 
canic ash,  xmder  conditions  which  showed  that  its  possessor 
fell  a  victim  to  a  volcanic  eruption  in  the  pleiocene  age.  It 
may,  however,  be  an  interment  in  a  material  in  which  it  is 
extremely  difficiilt  to  tell  disturbed  from  undisturbed  por- 
tions ;  or,  as  Sir  Charles  Lyell  suggests,  it  may  have  been 
derived  from  a  stratum  newer  than  the  pleiocene. 

{m.)    TJie  Human  Skull  at  Ohno, 
The  human  skull  found  by  Professor  Cocchi  in  a  railway 

cutting  at  Olmo,  near  Arezzo,*  after  a  slip  had  occurred, 

and  considered  to  be  of  pleiocene  age,  was  probably  derived 

from  the  slip.     The  flint  implement  found  along  with  it» 

according  to  Mr.  Evans,  is  of  a  well-known  neolithic  type, 

and  proves  that  it  may  be  of  that  vastly  later  period. 

*  Fonjtl^  Major,  Letta  nell'  Adunanza  della  Society  Ital.  di  Anthropol. 
•  di  Etnolog.    20  April,  1876. 


(m.)    TJie  Cut  Bones  of  Tuscany. 

Mhl  u  beliend  by  Professor  Capelliai,  of  Bologna.*  to 
hkTe  been  living  in  Italy  in  the  pleiocene  age,  from  his  dis- 
oomy  of  nomeroiu  cut  hones  of  a  fossil  whale  in  Tuscany. 
Thau  oats  seem  to  me,  when  I  had  tho  opportunity  of 
■tadying  tlie  eridsQce  at  Bologna,  to  he  undoubt«dly  arti- 
ficial, and  to  haTe  been  made  before  the  minei-ali^ation  of 
iJu  fngmest^  one  of  them  iu  porticolur  being  covered  with 
an  inonutafum  of  sulphate  of  barj-tes.  Along  with  them 
vsre  flint  flakei  and  a  fragment  of  rude  pottery.  It  is  not, 
liowerer,  to  mj  mind  satisfactorily  shown  that  these  were 
obtained  from  onduturbed  strata.  Nor  ia  the  mineralizatioa 
a  proof  of  tlieir  liigh  antiquity,  since  we  know  bow  rapidly 
deposita  of  Holpliatfi  of  barytcs  have  sometimes  been  formed 
in  liie  woodoi  pqtes  of  coal  mines.  There  is  an  argument, 
Junrersr,  againit  the  probability  of  man  having  lived  in 
Italy  in  pleiooeaDie  times  that  seems  to  me  unanswerable. 
Twenty-one  fosHil  mammalia  have  been  recently  proved  by 
Dr.  Major  to  have  inhabited  Tuscany  in  the  pleiooene  age : 
of  these  there  is  only  one  species,  the  hippopotamus,  now 
alive  on  the  earth.  It  is  to  my  mind  to  the  last  degree 
improbable  that  man,  the  most  highly  specialised  of  the 
animal  kingdom,  should  have  been  present  in  such  a  fauna 
as  this,  composed  of  so  many  extinct  species.  They  belong 
to  one  stage  of  evolution,  and  man  to  another  and  a  later 
stage. 

(o.)    The  Asserted  Meioane  Man  of  Thenay. 

Bnt  if  the  difficulty  of  believing  that  man  was  living  in 
Enrope  in  the  pleiocene  age  be  great,  from  the  rarity 
of  living  nLammolian  species,  how  much  greater  is  the 
difficulty  of  accepting  the  asserted  proof  of  the  ezistenoe 

*  L'uonio  Pliooraioo  B«alB  Acad,  dei  LinoeL    7  )bj,-187S. 
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of  man  in  the  remote  ages  of  the  meiocene,  in  which  no 
living  mammalia  are  known,  from  the  discovery  at  Thenay 
of  chipped  flints  in  meiocene  strata,  by  the  Abb^ 
Bourgeois.  Some  of  the  flints  in  question,  which  I  have 
examined,  have  been  chipped,  while  others — ^among  which 
may  be  ranked  a  large  number  of  those  in  the  archaeological 
museum  at  St.  Germains — appear  to  me  natural.  Some  of 
the  chipped  ones  are  weathered  in  the  same  fashion  as  those 
on  the  surface  in  the  neighbourhood.  Altogether,  they  do 
not  present  us  with  a  sufficient  basis  for  the  belief  that  man 
was  living  on  the  earth  before  any  other  mammalian  species 
now  alive  had  appeared,  and  surrounded  by  strange  and 
weird  animals  such  as  the  Deinotherium,  belonging  to  extinct 
genera.  I  cannot  resist  the  idea  that  there  has  been  some 
mistake,  by  which  worked  flints  from  the  surface  have  found 
their  way  into  the  collection  of  flints  made  from  the  meiocene 
strata  below.  The  question  is,  however,  one  of  simple  evi- 
dence, which  in  this  case  does  not  carry  conviction  to  my  mind. 

(p.)   Antiquity  of  Man  not  Measurable  in  Terms  of  Tears. 

So  far,  then,  as  the  evidence  as  to  the  antiquity  of  man 
goes  we  cannot  trace  it  further  back  than  the  pleistocene  age 
with  any  certainty.  Nor,  be  it  remarked,  can  we  measure  it 
in  terms  of  years,  by  using  the  present  rate  of  accumulation 
of  sediment,  or  of  stalagmite,  or  of  the  erosion  of  rock,  as  in- 
dices, because  the  rate  is  dependent  on  variable  causes  which 
cannot  be  assumed  to  have  operated  uniformly  in  past  time. 
Nor,  as  it  seems  to  me,  do  we  gain  any  knowledge  on  the 
point  from  the  assumption  that  the  severe  climate  of  the 
glacial  period  is  due  to  a  certain  definite  relation  of  the  earth 
to  the  sun,  recurrent  at  certain  intervals  capable  of  being 
computed  by  the  mathematician.  Is  not  the  sim  a  variable 
star  ?  Has  not  geographical  change,  as  suggested  by  Lyell, 
a   most  im;>ortant  bearing  on  climate  P    In  my  opinion, 
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ail'  aifemptB  lo  compute  past  time  by  1 
merely  guesses  founded  on  impossible  or  improbable  asstmip- 
tions.  I  would  oven  say  further,  that  any  attempt  to  con- 
struct any  chronology  in  terms  of  years  outside  the  written 
documents  of  history  must  of  necessity  fail,  because  wo  do 
not  know  the  length  of  the  intt-rval  which  separates  any  two 
events.  The  historical  chronology  is  absolute ;  the  geological 
merely  relative.  We  know  that  the  prehistoric  succeeded 
the  pleistocene  age,  but  we  cannot  measure  the  Interval  in 
years. 

{5.)  Nevertheiem  Voit. 
Nevortheless,  when  we  consider  the  animals  in  Europe 
when  man  hret  appeared,  and  the  series  of  geographical  and 
climatal  changes,  as  well  as  the  successive  appearance  of 
different  peoples,  it  is  clear  that  the  time  when  man  first 
appeared  in  Europe  ia  separated  from  our  own  day  by  a  vart 
period,  of  which  the  years  recorded  by  the  historian  bM^I 
small  and  insignificant  fraction.  ^H 

(r.)  Conelaaion. 
I  have  now,  gentlemen,  fulfilled  my  task,  which  haa  con- 
sisted mainly  in  applying  the  test  of  criticism  to  the  impor- 
tant geological  problem  of  the  antiquity  of  man.  Aa  time 
goes  on  the  uncertain  will  become  clear,  and  the  bulty  will 
drop  out  of  memory,  and  ultimately  we  shall  liave  the 
picture  of  man  in  the  pleistocene  age  clearly  preeented  to 
OS — a  picture  to  which  the  discoveries  of  the  last  few  yein 
have  added  a  few  master-strokes. 
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The  following  Report  of  the  Council,  and  the  Treasurei^s 
Balance  Sheet,  were  read  by  Mr.  John  E.  Forbes,  F.G.S., 
Honorary  Secretary : — 

REPORT  OF  THE  COTJNCIL  FOR  1876-7. 

In  presenting  their  Thirty-eighth  Annual  Report  your 
Council  have  pleasure  in  being  able  to  record  that  the  Session 
1876-77  has  been  a  successful  and  prosperous  one.  The 
meetings  have  been  well  attended  and  the  number  of  mem- 
bers has  been  materially  increased;  the  number  on  the 
register  now  being  144  as  against  119  members  at  the  same 
period  last  year.  During  the  session  three  members  have 
resigned  and  two  are  dead. 

Interesting  and  valuable  papers  have  been  read  and  dis- 
oussed  at  each  of  the  ordinary  meetings,  and  eight  parts  of 
the  published  Transactions  have  been  circulated  amongst  the 
members  and  other  societies  with  which  publications  are 
exchanged. 

A  field  meeting  was  held,  and  an  excursion,  under  the 
guidance  of  the  President,  has  been  made  to  the  neighbour- 
hood of  Castleton,  in  Derbyshire. 

The  funds  of  the  Society  compare  favourably  with  previous 
years.  The  outstanding  subscriptions,  with  the  exception  of 
£14,  have  been  all  collected  prior  to  the  1st  instant,  on 
which  date  the  next  year's  subscription  fell  due.  The  balance 
due  to  the  Hon.  Treasurer  has  been  reduced  from  £31  17s. 
2d.  to  £11  17s.  Od.,  as  shown  by  the  accounts  presented 
herewith,  and  the  sum  of  £600  remains  invested  in  the 
4  per  cent.  Guaranteed  Stock  of  the  Chester  and  Birkenhead 
Railway,  in  the  names  of  Henry  Mere  Ormerod  and  Andrew 
ELnowles. 

The  Library  has  been  augmented  by  the  addition  of 
several  valuable  works,  but,  as  referred  to  in  last  year's 


ngari,  it  omttaues  a  source  of  perplexity,  owing^ 
ATulable  for  it  being  totally  inadequate  to  allow  of  ill 
KtltageBOSOt  in  a  suitable  and  useful  manQer.  It^  value  U 
•Ibd  TBry  muoh  impaired  in  consequence  of  the  Society  hav- 
ing  no  loom  at  their  diapoaal  in  which  mombers  can  consult 
Uie  Torlu  contained  in  the  library.  Your  Council  has  had 
this  matter  onder  consideration  for  some  time  but  hu 
liithwto,  in  oonfiequencc  of  inadequate  funds,  been  unable  to 
decide  upon  any  satisfactory  arrangement  by  which  i}ds 
■erioiu  dnvbaok  would  be  overcome.  Tour  Council,  hoir- 
mvr,  are  of  t^onion  that  if  the  individual  members  would 
assiBt  them,  and  increase  the  number  of  members  by  induc- 
ing their  friendji;  to  join  and  subscribe  to  the  Society,  there 
vould  be  little  difficulty  in  supplying  a  want  much  felt  by 
geologista  and  miners  in  this  great  centre  of  Lancashire 
ihdtutry,  and  ono  which  in  other  similar  industrial  centres  of 
this  ooontry  has  already  been  surmounted  successfully. 
In  last  year's  report  your  Council  drew  attention  to 
unsatidactory  manner  in  which  the  authorities  of  The  Owt 
College  were  dealing  with  the  terms  relating  to  admisaum  to 
the  Museum,  contained  in  The  Articles  of  Agreement  by 
which  they  became  possessed  of  this  Society's  coUeotitnu. 
Your  Council  regret  being  unable  to  report  to  the  members 
that  the  terms  of  the  agreement  have  been  complied  wiUi 
and  published  in  The  Owens  CoUege  Calendar  for  the  seseion 
1877-78,  but  has  pleasure  in  being  in  a  position  to  annonnoe 
that,  in  reply  to  communicationB  which  your  Council  directed 
the  Honorary  Secretaries  to  make  to  the  Council  of  The 
Owens  CoUege,  assurances  hare  been  receired  tbat  it  has 
been  decided  to  open  the  Museum  at  once,  in  accordance 
with  the  terms  of  The  Articles  of  Agreement,  and  that  aa 
soon  as  the  detailed  arrangements  at  present  in  course  of 
completion  by  a  sub-committee  appointed  for  the  purpose 
liaTC  been  drawn  up,  the  matter  will  be  announced  in  the 
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local  newspa-peTB,  and  will  be  properly  embodied  in  future 
publications  of  the  Calendar. 

Your  Council  will  take  steps  to  inform  the  members  of  the 
Society  as  to  the  details,  as  soon  as  they  shall  have  receiyed 
the  official  notification  thereof. 

The  time  fixed  for  holding  the  ordinary  meetings  of  this 
Society  during  preceding  sessions  has  given  rise  to  many 
expressions  of  disappointment  on  the  part  of  members 
unable  to  attend  them.  Your  Council  has  had  the  matter 
under  consideration,  and  should  it  be  the  wish  of  the  meeting, 
would  recommend  that  a  trial  of  some  other  hour  be  made, 
on,  say  two  days,  in  the  ensuing  session.  The  members 
present  are  requested  to  give  an  expression  of  opinion  as  to 
the  time  likely  to  be  most  convenient. 

Your  Council  likewise  solicit  the  co-operation  of  the 
members  by  contributing  papers  at  the  meetings,  as  it  is 
only  by  the  assistance  of  the  members  individually  as  well 
as  coUectiyely  that  the  success  of  the  Society  can  be  attained. 

It  ia  with  regret  that  the  Council  have  to  record  the 
decease  of  two  old  and  valued  members  during  the  session, 
namely,  Mr.  Thomas  Wilson,  of  Leeds,  who  has  been  con- 
nected with  the  Society  since  its  foundation ;  and  Sir  James 
P.  Kay-Shuttleworth,  Bart.,  who  was  President  for  the 
sessions  1859-60-61. 
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THE  FOLLOWING  PAPERS  AND  COMMUNICATIONS 

HATE  BEEN  BROUGHT  BEFORE  THE  ORDINARY 

MEETINGS  DURING  THE  SESSION. 


1876. 
Oct.    31.    Annual  Meeting. 

Not.   28.     ''On  the  Water  Supply  in  the  Red  Rocks  of  Lancashire 

and  Cheshire,"  by  Professor  Dawkins,  F.R.S. 
The  South  Lancashire  and  Burnley  Coal  Fields. 
A  New  Description  of  Brattice  Cloth. 
Dec.    19.     "On  the  Rocks  of  the  BaUymoney  Series,  Co.  Wexford, ' ' 

by  G.  H.  Ejnahan,  M.R.I.A. 
"  On  the  Drift,  Peat,  &c.,  of  Heysham,  Morecambe 

Bay,"  by  the  Rev.  Addison  Crofton,  M.A. 
"  On  the  Method  of  Working  *  Rearing '  Mines  at 
Leycett,  Staffordshire,"  with  Plans  and  Sections, 
by  W.  J.  Grimshaw,  F.G.S. 
1877. 
Jan.     30.     "The  Condition  of  Vesuvius  in  January,  1877,"  by 

Professor  Dawkins,  F.R.S. 
Ambulances  for  Collieries. 

"  A  Description  of  the  Sinking  through  the  Quicksand 

and  other  Deposits  overlying  the  Metals  at  Royton, 

Lancashire,"  with  Sections,  by  Mr.  Walter  Evans. 

Feb.    27.     "On  the  Frequent  Alteration  of    Calcareous  Fossil- 

iferous  Sands  to  Unfossilif erous  Beds,  by  the  Infil- 
tration of  Water,"  by  A.  W.  Waters,  F.G.S. 
The  Ifton  Rhyn  Coal  Beds  in  Shropshire. 
"  Irish  Drifts,"  by  G.  H.  Kinahan,  M.R.I.A. 
Mar.    27.     **0n  the  Variation  in  Thickness  of  the   Coals  and 

Measures  of  the  Lancashire  Coal  Field,"  with 
Diagram,  by  C.  E.  De  Ranee,  F.G.S. 
"  On  Underground  Fires,"  with  Plan  of  Workings,  by 
W.  J.  Grimshaw,  F.G.S. 


April  S4.     "OaKolled  Pebbles  from  the  Bwk  at  BnnlMi;*'  hf 

Dr.  W.  J.  Black. 
Hay    39.     The  late  Sii  Jntnes  r.  Kay-Sbuttlcworth,  Sail 

"  Oak  Trees  Tound  in  the  Bed  of  the  Irwell  at  Broob- 

bottomp,"  by  the  Rev.  Addison  Crofton,  M.A. 
Oiscnasioii  on  Mr.  Do  Ranue's  Paper  on  the  Lanca^tun 
Coal  FLt-Ids. 
jTina    33.     "Bema^  ua  the  Bocent  Ocolugy  of  Italy,"   with 
SeotioB,  by  A.  W.  Watara,  F.G.8. 
"Old  Oak  Trees." 

"  Betnariu  upon  a.  Plitit  Arrow  Tip  and  aome  Flint 
Flakea  found  in  the  NuigLboiirhood  of  Bacnp-, 
also  upon  some  Stone  Implements  recentlj 
diacoTcred  at  Land's  End,  ComwsU,  and  ottia 
plaoea,"  by  John  Aitken,  F.O.fil-,  .    ^^^_ 


307 

The  Beport  and  Balance  Sheet  were  adopted  and  ordered 
to  be  printed. 

The  following  gentlemen  were  then  proposed  and  seconded, 
and  declared  duly  elected  as  Officers  and  Members  of  the 
Council  for  the  ensuing  year : — 

JOSEPH  DICKINSON,   F.G.S. 

ViU'^ttBtbtJdB : 


THOMAS  BE00K8, 

B.  D.  DARBISHIEE,  F.G.S. 


Hon.  a.  EGEETON,  M.P. 
G.  FEREDAY  SMITH,  F.G.S. 


Cf-Affin0  Vta-^ces&nds : 


JAMES  HETWOOD,  F.R.S. 
G.  W.  ORMEROD,  F.G.S. 
E.  W.  BINNEY,  F.R.S. 
ANDREW  KNOWLES. 
G.  C.  GREENWELL,  F.G.S. 


JOHN  AITKEN,  F.G.S. 
JOHN  KNOWLES,  M.I.C.E. 
THOMAS  KNOWLES,  M.P. 
CLIFFORD  SMITH,  F.G.S. 
W.  BOYD  DAWKINS,  F.R.S. 


€ttumtt : 
HENRY  MERE  ORMEROD,  F.G.S. 

Stmtmtt  t 
JOHN  E.  FORBES,  F.G.S.      I   JOSEPH  S.  MARTIN,  F.G.S. 


9i\in  SPfembtrs  of  i^t  tannal : 


H.  H.  BOLTON. 
GEORGE  GILROY,  M.I.C.E. 
G.  C.  GREENWELL,  Junr. 
W.  J.  GRIMSHAW,  F.G.S. 
CHARLES  HARDWICK. 
JOHN  HIGSON,  F.G.S. 


J.  H.  JOHNSON,  F.G.S. 
W.  H.  JOHNSON,  B.Sc. 
PETER  PICKUP,  F.G.S. 
J.  F.  SEDDON. 
A.  W.  WATERS,  F.G.S. 
GEORGE  WILD. 


JOHN  HEELIS.    '      |        CLEGG  LIVESEY. 


^^^H^^^B                   ^P^^^H 

NEW  ORDINARY  MEMBERS.       ^H 

Barnes,  R.  J. 

Moore,  Alfred.         '    " 

Besn-ick,  James. 

Penman,  J.  H. 

Cliadwick,  W.  H. 

Pennington,  Rooke,F.G,a 

Derry,  Jos. 

Place,  W.  H. 

Edmundson,  Thomas. 

Pickup,  T.  W. 

Goodwin,  George. 

Tomiinson,  Thomat 

Grundy,  H.  T. 

Topping,  Walter. 

Grundy,  Joseph. 

Unsworth,  John. 

Handfiley,  Robert. 

Waddington,  John. 

Holding,  William. 

WaddingtoD,  Henry. 

Jobling,  John. 

West,  T.  E. 

Knowles,  Lees. 

Winstanley,  Robert. 

Lord,  Jamea. 

Yates,  T.  M. 

WEW    HONORART  MEMBERS.      ^^| 

Ernest  Vanden  Broeck,  BnisseUs. 

Charles  Brongniart,  Paris. 

F.  V.  Hayden,  Washington,  TT.S.A. 


DECEASED. 


Sir  James  P.  Kay-Shuttleworth,  Bart. 
Thomas  Wilson,  Leeds. 


RESIGNED. 


W.  Y.  Craig. 
Richard  JohnsoQ. 
Daniel  Morris. 
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Members  who  have  compounded  for  the  Annual  Subscription. 


of 
action. 


1874 


AgoBiity  Alexander,  Cambridge,  Massachussetts,  U.S. 


*%     •-» 


MANCHESTER  GEOLOGICAL  SOCIETY. 


Members  are  particularly  requested  to  communicate 
any  change  of  address  to  the  Hon.  Secretaries,  for  which 
purpose  this  slip  is  inserted. 


Corrected  Address. 


yame. 


Titlen,  6cc., 


Addretts, 


Date, 

To  the 

Hon.  Secuetaries, 

36,  Georgo  Stroet, 

Manchester. 


NEW  ORDINARY  MEMBERS. 


Bamee,  R.  J. 
Beswick,  Jamea. 
Ctadwick,  W.  H. 
Derry,  Jos, 
Edmirndson,  Thoma 
Goodwin,  George. 
Grundy,  H.  T. 
Grundy,  Joseph. 
Handaley,  Robert. 


U 


Moore,  Alfred. 
Penman,  J.  H. 
Pennington,  Roofce.F.G.S 
Place.  W.  H. 
Pickup,  T.  W. 
Tomlinson,  Thomas. 
Topping,  Walter. 
Uns worth,  John. 
Waddington,  John,     _^ 
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LIST   OF   MEMBERS. 

NOTKMBEB,    1877. 


The  NameB  of  Honorary  Members  are  printed  in  Italiet. 
Members  who  have  compounded  for  the  Annual  Subscription. 


of 
Blection. 


1874 
1863 
1862 
1865 
1864 

1666 
1875 
1876 
1875 
1858 

1877 
1862 
1838 

1867 
1877 
1877 
1861 
1859 
1862 

1875 
1874 


Agassit,  Alexander,  Cambridge,  Massachussetts,  U.S. 
Aitken,  John,  F.GF.8.,  Sandfield,  Urmston.     Ex-PreBtdent 
Alcock,  Thomas,  M.D.,  Oak  Field,  Ashton-on-Mersey. 
Ashworth,  Edward,  Stagg  Hills,  Waterfoot,  near  Manchester. 
Ashworth,  John,  Rose  Hill,  Turton,  near.  Bolton. 

Bamford,  J.  B.,  Mining  Engineer,  Bochdale. 

Bangay,  Dr.  Richard,  Cheadle,  Cheshire. 

Barnes,  R.  J.,  Chowbent,  near  Manchester. 

Barrett,  W.  S.,  49,  Old  Hall  Street,  Liverpool. 

Bazley,  Sir  Thomas,  Bart.,  M.P.,  Eyford  Park,  8tow-on- 

the-Wold,  Gloucestershire. 
Beswick,  James,  Little  Hulton,  near  Bolton. 
Beswicke,  William,  South  Parade,  Rochdale. 
Binney,  E.  W.,  F.R.S.,  F.G.8.,  55,  Peter  Street,  Man- 

Chester.     Ex-President, 
Bolton,  H.  H.,  J^ewchurch,  near  Manchester. 
Broeck,  Ernest  Vanden,  124,  Rue  Terre  Neuve,  Brussells. 
Brongniart,  Charles,  Natural  History  Museum,  Paris. 
Brooks,  Thomas,  Crawshaw  Hall,  Rawtenstall. 
Bryham,  "William,  Rose  Bridge  Colliery,  Wigan. 
♦Buccleuch,  His  Grace  the  Duke  of,  Whitehall  Gardens, 

London,  S.  W. 
Burrows,  Abraham,  Atherton  Collieries,  near  Manchester. 
Byrom,  W.  A.,  F.G.S.,  31,  King  Street,  Wigan. 


8ia 


1876 
1859 

1874 
1862 
1861 
1860 
1876 

I860 

1869 

1862 
1877 
1856 

1875 
1859 

1877 
1852 

1838 

1838 
1838 
1860 
1865 

1863 
1873 
1875 
1868 


Chadwick,  W.  H.,  Bank  GoUierieo,  Litae  Hnlton,  nr.  BdUm. 
*Goiilthaid,  J.  Boss,  F.R.8.L.1  Croft  Houae^  Aahftan-imdfls 

Lyne. 
Ciofton,  Bey.  A.,  M.A.9  Keddiah  Gieeiiy  Stockport. 
Gross,  John,  78,  Cross  Stroet,  Manoheflter. 
Cross,  John,  Gidlow  House,  Wigan. 
Crowther,  Samuel,  Bzadford  Estate  Offices,  Boltoa. 
CnnMe,  P.  G.,  The  Elms,  Handforth,  near  Maaoherter. 

Darbishiro,  B.  D.,  BJk.,  F.G.S.,  26,  George  Street,  Man- 
chester. 

Dawkins,  Professor  W.  Boyd,  ViJL.,  F.B.S.|  The  Owens 
College,  Manchester.    Ex-PruiinU, 

•Derby,  The  Bight  Hon.  the  Earl  of,  Sjiowdej. 

Berry,  Jos,  Sneyd  Colliery,  Burslem. 

Dickinson,  Joseph,  F.G.S.,  H.M.  Inspeotoir  at  Mmeai 
Bonth  Bank,  Pendleton.     Ptuidmt. 

Diggle,  A.  A.,  Hindley  Green  Hall,  Leigh. 

Diggle,  James,  West  Leigh  Collieries,  Leigh. 

Edmondson,  Thomas,  Cliviger  Collieries,  near  Bomlcy. 
Egerton,  The  Hon.  Algernon,  M.P.,   Worsley  Hall,  near 

Manchester. 
♦Egerton,  Sir  Philip  de  Malpas  Grey,  Bart.,  M.P.,  F.R.8., 

Oulton  Park,  Tarporley.     JEx- President 
Emhieton,  T.  W.,  The  Cedars,  Methloy,  Leeds. 
EnniskeUen,  Earl  of^  F.B.S.,  Florence  Court,  Fermanagh. 
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Obaerrations  sur  nne  Insccte  fossile  de  la  famille  des  Blptdrea. 
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TRANSACTIONS 

OP  THE 

MANCHESTER    GEOLOGICAL    SOCIETY. 


Pam  XV.  Vol.  XIV.  Session  1877-8. 


At  the  Ordinaet  Meeting  of  the  Members  of  the  Society, 
held  on  Tuesday,  the  27th  November,  in  the  Literary  and 
Philosophical  Society's  Rooms,  George  Street,  Manchester ; 

Mr.  W.  J.  Grimshaw,  F.G.S.,  in  the  Chair ; 

Mr.  C.  E.  De  Banco,  F.G.S.,  of  Her  Majesty's  Geological 
Survey,  was  elected  an  Honorary  Member  of  the  Society, 
and  Mr.  T.  Livesey,  jiin.,  of  Hatherlow,  was  elected  an 
Ordinary  Member. 

Mr.  Forbes  read  a  letter  from  the  Registrar  of  The  Owens 
College,  enclosing  a  copy  of  the  regulations  which  the 
Council  have  made  for  the  admission  of  students  and  the 
public  to  the  Geological  Collections.  The  letter  contained 
the  following  passages,  which  fulfil  the  terms  agreed  upon 
at  the  time  when  the  Collections  were  handed  over  to  The 
Owens  College,  as  referred  to  in  the  last  Annual  Report  of 
the  Council  of  this  Society : — 

The  Geological  GoUeottons  are  now  open  to  the  Publio  on 
Toeadays,  ThursdajB,  and  Saturdays,  from  10  a.xa.  to  4  p.m., 
and  on  Saturday  evenings  from  6*30  to  9  pan; 

They  are  farther  open  to  Students  on  Wednesdays  tnd 
Trldays  from  10  a  m.  to  4  p.m. ;  and  on  Friday  evenings  from 
0.30  to  9  p.m. 

The  Museum  is  closed  during  the  month  of  August,  and 
from  the  23rd  December  to  the  2nd  January  inclusive. 

Admission  treot  and  without  ticket. 
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QUARTZYTE   (QUARTZ-SCHIST),  QUARTZ-EOCK 

(GKEISSEN). 

Bt  G.  Hbnrt  Einahan,  M.R.I.A.,  &G. 


Quartz-'Schist,    Quartzi/te,    Quartz^rock,   and   Oreisien  are 
names  that  many  geologists  suppose  indicate  only  one  kind 
of  silicious  rock ;  they  considering  that  the  rocks  so  called 
are  metamorphosed  sandstones  and  grits.     Some  of  my  pre- 
decessors on  the  Irish  branch  of  the  Government  sorrey, 
however,  appear  to  have  come  to  a  different  oondosioiL* 
Mr.  A.  Wyley,  while  mapping  the  rocks  of  South-Eask 
Ireland,  appeared  to  be  of  the  opinion  that  quartz*rock  irai 
different  to  qnartzyte,  although  his  reasons  for  thia  suppo- 
sition do  not  seem  to  have  been  published.     Subsequently 
the  late  Mr.  John  Kelly  read  a  very  able  paper  on  the 
subject  before  the  Geological  Society,  Dublin  (Jour.  G^ 
Soc.,  Dublin,  vol.  v.,  p.  237),  in  which  he  distinctly  shows 
that  there  are  intrusive  and  bedded  **  quartz*rocks  ;'*  while 
the  late  Professor  Jukes  seemed   to   believe  that  different 
kinds  of  rocks  were  classed  together  under  these  names,  but 
he  does  not  attempt  to  separate  them. 

From  the  rocks  that  have  come  under  my  notice  during 
the  examination  of  Ireland,  I  believe  that  Quartzyte  or 
Quartz-schist  is  a  distinct  silicious  rock,  from  Quartz^rock  or 
Greissen. 

Quartzyte  or  Qiartz-Schist  is  a  metamorphic  rock, 
more  or  less  foliated,  and  allied  to  the  other  varieties  of 
schist,  into  many  of  which  it  graduates,  by  a  loss  of  it8 
quartz.  It  originally  was  an  arenaceous  sandstone,  or  some 
other  silicious  mass,  that  has  acquired  its  present  nature 
and  structure  from  metamorphic  action.     Essentially  it  is  a 

*  I  hear  that  this  subject  has  been  written  on  by  some  of  the  American 
geologists,  but  unfortunately  I  cannot  learn  where  their  opinions  have  been 
published. 
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quartzose  rock;  but  varieties  are  more  or  less  micacious, 
f  elsitic,  chloritic,  or  talcose ;  some  one  .or  other  mineral  pre- 
dominate, changing  the  rock  from  its  normal  character.  In 
qnartzyte  there  is  always  foliation,  due  to  the  subsequent 
changes  that  have  taken  place  in  the  rocks  during  meta- 
morphism,  and  this  structure  appears  to  have  always  fol- 
lowed a  conspicuous  structure  (generally  foliation  or  cleav- 
age) in  the  original  rocks. 

Qtjaetz-rock  or  Greissen  is  a  crystalline  granular  aggre* 
gate  of  quartz,  usually  containing  a  little  mica,  or  felsite,  or 
some  other  mineral.  Sometimes  it  presents  the  appearance 
of  a  normal  intrusive  rock  (Fig.  1),  but  often  it  appears  as 
if  it  had  been  deposited  in  cake-like  masses  from  solution 
(Fig.  2).  Vein-quartz  is  deposited  from  solution,  and  in 
aspect  some  masses  of  quartz-rock  are  very  similar ;  both 
these  kinds  of  rocks  having  a  structure,  which  in  the  vein- 
quartz  is  supposed  to  be  due  to  its  having  been  deposited 
from  solution.  Some  of  the  felsitic  varieties  of  quartz-rock 
are  so  felsitic  that  they  are  undisting^ishable  from  petro- 
nlex  (Felsite  of  Cotta),  while  in  other  places  it  is  associated 
with  granite,  and  under  such  conditions  it  merges  into  the 
granite.  In  the  intrusive  masses  of  quartz-rock  there  is 
often  a  bed-like  structure,  similar  to  that  not  uncommon  in 
many  intrusive  granites,  and  probably  due  to  the  mass  cool- 
ing in  layers. 

The  silicious  rocks  of  Ireland,  that  are  usually  classed 
indiscriminately  together,  may  be  separated  into  the  follow- 
ing groups : — 

Ghx>up  A.    Quartzytey  or  metamorphosed  silicious  rocks. 

Ghx>up  B.  Quartz-rocky  or  silicious  rocks  intruded  into 
their  present  position. 

Ghx)up  C.  Quartz-reefs  or  veim,  or  silicious  rocks  deposited 
in  fissures  from  solution. 

QuARTZTTBs  occur  amoug  the  metamorphic  rocks  of  Cam- 
brian,   Cambro-silurian     (Lower    Silurian),    and    Silurian 
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(Upper  Silurian)   ages,    in    South-East    Ireland   (DuUin, 
Wicklow,  and  Wexford),  in  West  Ireland  (Galway  and 
Mayo),  and  North  Ireland  (SUgo,  Londonderry,  Tyrone,  and 
Donegal),  &c.     Usually  they  originally  were  either  aand- 
stones  or  grits ;  but  in  some  localities  quartz-rocks,  by  meti- 
morphic  action,  have  been  changed  into  quartzyte.    In  all 
metamorphic  countries  the  quartzite  (metamorphosed  grita 
and  sandstone)   occurs  as  regularly  stratified  rooks.     In 
such  cases  there  are  rarely  weU-defined  boundaries  between 
the  quartzyte  and  the  associated  schists;   as  one  usually 
graduates  into  the  other,  both  horizontally  and  vertically. 
This  is  due  to  the  eminently  silicious  rocks  only  changing 
into  typical  quartzyte;    while  impure  sandstones,  slates, 
and    shales   become    micalyte    (mica'Schist),    homblendyte 
(homblende^achist),    felsilyte   (fekHe-achist)^   or  some  other 
variety  of  schist,  somo  sub-varieties  being  quartzitio,  and 
thus  each  merging  into  quartzyte. 

In  West  Ireland  there  are  large  tracts  of  quartzytes 
(principally  metamorphosed  Cambrian  rocks).  In  the  same 
district  there  are  also  peculiar  tracts  of  quartzyte  in  the 
Silurians  of  the  Mweelrea  mountains,  County  Mayo,  where 
some  of  the  sandstones  of  the  Mweelrea  series  contain  iso- 
lated patches  of  quartzyte.  These  patches  may  extend  into 
two  or  more  beds,  but  are  bounded  by  joint  lines.  The 
altered  portion  seems  to  have  been  metamorphosed  by  aqueo- 
igneous  actions  invading  a  space  bounded  by  lines  of  joints. 
These  patches  of  quartzyte  may  have  three  or  more  sides, 
formed  by  joint  lines,  the  rocks  outside  the  boundary  some- 
times being  a  little  changed,  but  in  general  they  seem  to  be 
unaltered. 

In  all  countries  in  which  metamorphic  action  has  taken 
place,  not  only  the  sedimentary  rocks  but  also  the  associated 
eruptive  rocks  were  affected ;  and  in  such  areas  in  which 
quartz-rocks  occurred  among  sedimentary  rocks,  the  former 
have  been  changed  by  metamorphic  action  into  quartzyte. 
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This  is  very  conspicuous  in  the  Forth  Mountain,  County 
Wexford,  and  neighbouring  country,  where  the  cakes  of 
quartz-rock  in  the  Cambrian  rocks  have  a  more  or  less  well- 
developed  foliation,  and  must  now  be  called  quartzyte. 
These  Cambrian  rocks  belong  to  the  "  Sub-metamorphic " 
rocks  of  the  Indian  geologists;  and  it  seems  remarkable 
that  while  the  quartz-rocks  are  well  altered  by  the  meta- 
morphism,  also  the  slates  and  shales,  that  the  same  action 
has  had  very  little  effect  on  the  associated  grits. 

Quartz-reefs  or  veins,  may  also  occur  in  the  areas  that 
subsequently  were  metamorphosed,  and  necessarily  they 
were  altered  with  the  other  rocks.  These  altered  vein  rocks 
are  most  interesting,  especially  when  containing  mineral. 
This  subject,  however,  is  foreign  to  the  present  communica- 
tion, and  we  will  confine  ourselves  to  the  quartz-reefs.  The 
quartz-reefs  when  altered  may  have  a  regular  foliation 
development,  but  more  general  the  foliation  is  tangled ; 
usually  the  metamorphic  action  seems  to  have  separated  the 
argillaceous  and  silicious  portions  of  the  reef,  so  that  a  rib 
or  ribs  of  schist  occur  in  the  reef.  In  the  case  of  one  of  the 
quartz-reefs  on  the  south  coast  of  Wexford  (Fig.  8)  green 
and  purple  shades  occur  in  the  quartz. 

Quartz-rocks. — ^In  the  county  of  Galway  quartz-rocks 
occur  making,  in  mass,  like  intrusive  granite,  and  graduating 
into  the  latter  rock ;  so  that  it  is  perfectly  impossible  to  draw 
a  boundary  between  the  different  rocks.  In  the  same  county 
are  masses  and  dykes  of  metamorphose  rocks,  portions  of 
which  would  have  to  be  called  quartzyte  while  others  are 
a  f elsitic  foliated  rock.  These  rocks  seem  to  be  dykes  and 
protrusions  of  a  rock  that  in  part  was  felsitic,  but  in  others 
portions  highly  silicious ;  while  subsequently  all  were  altered 
along  with  the  associated  sedimentary  rocks. 

In  the  Cambrian  and  Cambro-silurian  rocks  of  south-east 
Ireland  the  relation  between  the  quartz-rocks  and  associated 
rocks  are  more  distinct.     In  the  promonotory  of  Howth, 
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Goimty  Dublin,  the  Cambrian  rooks  to  the  northward  are  so 
little  altered  that  the  late  I.  B.  Kinahan,  M.D.,  found  in  than, 
at  Puck  Bocky  Oldhamia  Antiqua ;  but  to  the  south  of  the 
promontory  they  are  sub-metamorphic.    To  the  quartz-rocki 
that  come  up  as  protrusions  in  the  Cambrian,  Mr.  A.  Wyley 
directed  especial  attention,  and  pointed  out  that  to  the  north 
they  are  unaltered,  while  to  the  south,  when  a  foliation  hu 
been  developed  in  them,  they  are  quite  distinct  from  the 
quartzytes  or  metamorphosed  grits.     A  further  distmction 
not  mentioned  by  this  observer  is,  that  while  the  quartz-rock 
both  altered  and  unaltered  is  an  eminently  water-bearing 
rock,  the  quartzytes  are  not. 

In  the  unaltered  Cambrian  rocks  of  Bray  Head,  County 
Wicklow,  are  great  protrusions  and  dykes  of  quartz-rock. 
Fig.  7  is  a  sketch  section  of  one  of  these  dykes  in  the 
Cambrian  rocks  at  the  small  headland  about  a  quarter  of  a 
mile  south  of  Bray  Head.     The  rocks  to  the  north  of  this 
dyke  are  ochreous,  and  have  been  altered,  but  not  sufficiently 
to  obliterate  the  Oldhamia  that  occurs  in  them ;  while  the 
rocks  to  the  south  of  the  dyke  seem  to  be  imaltered.     In 
this  dyke  there  is  a  nearly  horizontal  structure.     The  alter- 
ation alongside  the  dyke  possibly  may  not  be  due  to  it ;  for  if 
subsequent  to  its  intrusion  a  fissure  had  opened  alongside  it, 
in  which  hot  vapour  came  up,  the  latter  may  have  caused 
the  alteration  in  the  Cambrian  rocks. 

In  the  Carrick  mountains,  north-west  of  Wicklow  town, 
there  are  great  cakes  of  quartz-rock  in  the  unaltered  Cam- 
brian rocks,  while  farther  westward  there  are  metamorphosed 
quartz-rocks  associated  with  schists  and  gneiss.  These 
schists  and  gneiss  are  of  a  questionable  age,  but  as  a  dis- 
cussion on  this  subject  would  be  outside  our  subject  we  will 
go  on  to  the  next  locality. 

In  the  Coimty  of  Wexford  there  are  quartz-rocks  and 
quartzyte,  in  both  the  Cambrian  and  the  Cambro-silurian 
rocks.     On  the  East  Coast  of  Wexford,   at  Askingarron 
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(Fig.  6),  three  miles  north  of  Cahore,  are  remarkable  pro- 
trusions of  quartz-rock,  coming  up  through  the  unaltered 
CSambrian,  Oldhamia  Antiqua  having  been  found  in  a  bed 
alongside.  In  the  dykes  of  quartz-rock  there  is  a  regular 
nearly  horizontal  structure. 

We  have  previously  mentioned  the  altered  quartz-rocks 
in  the  Cambrian  of  the  Forth  Mountain  and  neighbouring 
country,  but  here  attention  may  be  directed  to  the  quartzytes 
near  Greenore  (altered  grits),  in  the  same  group  of  rocks,  as 
they  are  typical  quartzytes,  and  very  unlike  the  undurated 
grits  found  associated  with  the  altered  quartz-rocks  in  the 
Forth  Mountains. 

A  place  to  which  special  attention  should  be  directed  is 
the  South- West  Coast  of  Wexford  (Bannow  and  Haggard), 
as  here — ^in  altered  Cambrians  and  unaltered  Cambrians  and 
Cambro-silurians — are  various  silicious  rocks,  allied  to  those 
now  being  described;  namely,  quartzytes  (altered  quartz- 
rocks),  quartz-rocks,  felsitic-quartz-rocks  (petro-silex  P),  and 
quartz-reeJb.     In  the  townland  of  Ballymadden  is  a  mass  of 
quartz-rock  intruding  into  the  associated  schist.    (Fig.  5.) 
To  the  westward  the  micalyte  seems  to  lie  on  the  mass,  and 
possibly  the   quartz-rock   may  not  have  been  originally 
intruded,  but  rather  a  protruded  mass,  that  was  enveloped 
by  the  accumulation  of  the  strata  that  are  now  changed  into 
micalyte ;  but  as  no  foliation  can  be  seen  in  it,  while  in  all 
the  other  masses  of  quartz-rock  in  these  altered  Cambrian 
rocks  foliation  is  developed,  possibly  it  was  protruded  after 
the  metamorphic  action — ^and  may  be  of  the  same  age  as  the 
masses  and  dykes  of  quartz-rock  in  the  Cambro-silurians. 

Further  westward  there  bre  intrusions  in  both  the  unal- 
tered Cambrians  and  Cambro-silurians,  some  being  typical 
quartz-rock,  others  felsitic-quartz-rock  (petro-silex  ?),  while 
in  places  are  rocks  that  seem  to  be  a  gradation  between 
these.  In  Figs.  1  and  8  some  of  these  petro-silex(P)  protru- 
sions are  represented.    In  Fig.  1  the  petro-silex  ai^>ears  to  be 


of  bcytli  Idndi  of  xodEB  aeem  to  be  iotrasb 
of  quarts-xook  wproacmited  ia  Fig.  2  mig^i  hsre  Yrntn  tt» 
diBpocitioBg  from  a  nlicioiui  ipating^  that  ware .  aowunwlatiig 
while  strata  were  being  dapoailed  aramd  it.      .     . 

In  Fig.  4  axe  given  akelioh  plan  and  aaetion*  cf  maaiea  af 
qiiarts-xodk  at  the  aniaU  pzomontarj  of  the  BxideTa^C^^ 
Themaasof  qnarts-xook  to  the  top  of  the  plan,  udtoAa 
left  hand  of  the  aeotioDL,  appeaxa  to  be  infeuaiTCb  wliib  Urn 
other  maai  lies  on  gieen  ahales^  and  baa  in  it  a  slnMtaie: 
parallel  to  the  bedding  of  the  ahale. 

From  the  facts  that  have  been  giTen,  it  seems  psobaUe 
that  quartaytes  are  TKiMwffKFrahosed  ailicioiia  iobk%  let  thsm 
originally  be  sandstones^  griti^  or  quarta-xook— hot  what  ia 
the  origin  of  quarts-xook  P 

QuABXZ-BocK  OE  GaxiBSBr  may  be  dividad  into  two 
gronpa.  Iri,  those  associated  with  intmsiTe  granite^  and, 
2nd,  those  ooonning  as  lodependent  bossen^  intniaion%  and 
dykes. 

Group  1.  Ghreissen  that  graduates  into  granite  has  already 
been  treated  of  in  a  communication  laid  before  the  Boyal 
Irish  Academy,  in  which  suggestions  as  to  its  origin  were 
given.* 

There  it  was  suggested  that  as  molten  granite  probably 
cooled  in  zones,  successive  quantities  during  cooling  separated 
from  the  molten  mass,  each  successive  separation  being  more 
silicious  than  that  which  preceded  it.  Such  separation, 
if  continued  long  enough,  would  eventuate  in  the  residue  of 
the  original  molten  mass  being  nearly  pure  silex.  Therefore 
forming  one  protrusion,  there  may  be  rocks  that  graduate 
from  normal  granite  into  rocks  so  silicious  that  they  may  be 
classed  as  quartz-rock  or  greissen.  This  probably  was  the 
origin  of  the  greissen  associated  with  intrusive  granite,  but 

•  «  Qranite  and  other  ingenite  rocks  of  Yarooxmaught  and  the  Lomr 
Owlea."    Froc  Boyal  IriBh  Academy,  aer.  ii.,  vol.  2. 
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it  would  scarcely  explain  the  origin  of  the  qnartz-rocks  in 
the  second  group. 

Group  2.  Some  of  these  quartz-rocks  seem  to  be  erupted, 
while  others  would  appear  as  if  they  were  deposited  from 
solution.  If  this  is  correct,  there  are  two  kinds  of  rocks 
haying  different  origins  but  similar  appearances.*  Against 
the  supposition  of  their  being  eruptiTe,  it  should  be  men- 
tioned that  small  pieces  occur,  Tery  similar  in  shape  and 
appearance  to  the  larger  masses,  while  from  the  smallest 
piece  to  the  largest  mass  there  seem  to  be  a  regular  grada- 
tion as  to  size.     This,  however,  may  be  explained. 

If  these  silicious  rocks  are  due  to  incipient  vulcanicity, 
which  found  vent  at  the  sea  bottom,  or  on  tidal  shores,  in 
springs  of  water  more  or  less  charged  with  silica,  when  the 
silica  was  in  excess,  incrustations  of  quartz  would  accumu- 
late round  the  orifice  of  the  springs ;  while  in  other  cases, 
owing  perhaps  to  currents  or  the  small  quantity  of  silica  in 
the  water,  this  substance  would  be  deposited  about  certain 
centres  only  (vegetable  or  other  organic  matter)  to  which 
it  was  attracted.  In  some  places  the  springs  would  be 
isolated,  and  silica  form  detached  masses  (Figs.  1,  2,  and  4), 
but  in  other  places  a  series  of  springs  would  be  in  operation 
along  a  line  or  lines  of  fracture  or  fissures,  thus  forming 
long,  although  irregular,  accumulations  (Geol.  Map  of 
Ireland,  sheet  130).  These  masses  would  protrude  into  the 
associated  rocks,  although  lying  in  the  same  strikes ;  and 
although  the  latter  were  being  deposited  while  they  were 
accumulating. 

Newer  rocks  which  seem  to  have  an  alUance  with  the 
quartz-rock,  and  possibly  may  help  to  explain  their  origin, 
occur  in  various  places  in  Ireland.  Margining  the  carbon- 
iferous limestones  of  the  plains  of  Limerick  are  **  Old  red 

*  Among  the  varieties  of  granite  are  the  **  endogenous  veins  "  of  Steny 
Hunty  and  the  veins  of  granity te ;  the  first  being  deposited  from  solution, 
while  the  second  are  eruptive  veins,  although  the  aspect  of  both  are  very 
nmilar. 
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sandstoneB"  (liower  Carboniferous  grits)  ^  and  in  manypbuM 
the  basal  bed  of  the  latter  is  a  qnartz-rock  that  sometimeB 
is  replaced  hj  a  silicious  Umestone ;  but  both  this  qtuurti- 
rock  and  the  limestone  appear  to   have  been  deposited 
from  solution,  as  if  they  marked  the  dawn  of  the  tuI- 
canicity  that  subsequently  was  more  intense,  as  shown  \fj 
the  great  sheets  of  doleryte  euryte  and  tuffii  found  inter- 
stratified  with  the  Carboniferous  rocks  of  Limerick.    It 
is  an  established  fact  that  in  many  regions  where  Tolcanic 
action  is  now  in    operation,    and    also   in  others   where 
the  forces  are  apparently  dormant,   yulcanicity   shows  its 
presence,  although  it  may  be  faintly,  in  silicious,  calcareous, 
and  such  like  springs.     If  dying  out  yulcanicity  thus  acts, 
somewhat  similar  phenomena  may  mark  its  advent. 

That  an  excessive  discharge  of  silica  was  an  adjunct  of 
vulcanicity  in  the  early  stages  of  the  earth's  history  seems 
also  suggested  by  the  following: — ^In  the  Garboniferoos 
limestone  of  the  County  Limerick,  on  the  same  horizon  as 
the  igneous  rocks,  are  zones  of  considerable  thickness,  made 
up  almost  entirely  of  beds  of  chert.  Most  of  the  bedded 
igneous  rocks  of  this  county  are  on  two  geological  horizons, 
both  of  which  are  marked  by  these  "  cherty  zones,"  and 
their  zones  extend  not  only  over  the  whole  of  the  County 
Limerick,  but  also  occur  in  the  whole  of  Munster  and  in 
part  of  the  central  plain  of  Ireland,  while  the  isolated 
Igneous  centres  as  that  of  Croaghan  Hill,  County  Meath, 
are  on  one  of  these  horizons.  Moreover,  in  the  plain  of 
Limerick,  between  the  regular  cherty  horizon,  local  chert 
zones  occur  wherever  there  are  small  Igneous  centres. 

If  these  chesty  zones  are  the  result  of  vulcanicity,  may 
not  all  the  chert  in  the  Carboniferous  limestone  be  due  to 
vulcanicity  ?  And  the  question  may  even  be  extended  io 
the  flints  in  the  chalk  and  the  menilytes  of  the  Tertiary 
limestones.  The  latter,  however,  are  questions  more  fitting 
to  the  English  and  Continental  geologists  than  to  me,  and 


335 

perhaps  may  be  worked  out  by  some  of  the  members  of  the 
Society.  In  Ireland,  howeyer,  there  seems  to  be  marked 
relations  between  the  carboniferous  chert  and  vulcanicity. 

It  has  been  suggested  that  the  dawn  of  the  vulcanicity  in 
the  Carboniferous  rocks  of  Limerick  was  marked  by  a  deposit 
of  quartz-rock/  and  a  very  similar  deposit  seems  to  have 
marked  the  dawn  of  Tulcanicity  in  the  Silurian  period.  In 
the  County  Mayo,  at  the  base  of  the  Mweelrea  series  (Upper 
Llandovery  P)y  there  is  usually  a  massive  bed  of  euryte, 
while  in  those  places  that  it  is  absent,  its  place  is  taken  by  a 
massive  quartz-rock.  There  are  also,  in  connection  with  the 
eurytes,  masses  of  limestones,  somewhat  like  those  associated 
with  the  carboniferous  basal  quartz-rock. 

In  the  metamorphic  Cambrian  or  Cambro-silurian  of 
West  Galway  (to  which  formation  they  belong  is  undecided) 
are  great  interbedded  masses  of  igneous  rocks,  and  in  the 
underlying  Cambrion  rocks  are  masses  of  quartz-rock  and 
felsitic-quartz-rock.  In  the  Cambro-silurian  of  Wexford,  in 
the  "  Dark  shale  series,"  (Llandeilo  P)  are  masses  and  dykes  of 
quartz-rock,  while  higher  up,  in  the  "  Balljrmoney  series," 
are  great  sheets  of  interbedded  igneous  rocks.  In  the  lower 
beds  of  the  Cambrian  of  Wicklow  and  Wexford  are  the 
previously  mentioned  quartz-rocks,  and  in  the  highest  beds, 
such  as  those  near  Greenore  and  Camsore,  at  the  south-east 
of  the  County  Wexford,  are  inter-stratified  Igneous  rocks ; 
thus  proving  that  in  the  Carboniferous,  Silurian,  Cambro- 
silurian,  and  Cambrian  rocks  of  Ireland,  there  are  quartz- 
rocks  below,  in  the  lower  beds ;  while  above,  in  the  higher 
beds,  are  inter-stratified  Igneous  rocks. 

The  conclusions  arrived  at  and  laid  before  the  Society  in 
this  paper  are: — 

First, — ^AU  the  rocks  at  present  classed  as  Quartzytes  are 
not  of  similar  origin. 

*  It  should  be  mentioned  tliat  the  rocks  called  the  '*  Old  red  sandstone  " 
in  Hwister  are  eridently  the  basal  (arenaceous)  Garbonif eroos  rocks. 


I  of  these  rocks  are  normal  quarizj/te,  tti* 
ii,  RMb  dM  to  the  metamorphisis  of  grit  sandstone  b&I 
oAk  ifliBioiM  neks ;  while  others  {quartz-rock)  are  not,  tnt 
half*  bMft  iBtraded  into  their  present  positions. 

ttiri.  Bum  Quartz-rocks  may  have  been  deposited  u 
imgdtf  mIm  foimd  springs,  thus  forming  masses  after 
web  to  1w  aimSoped  by  the  deposition  of  strata  arouoi 
Am;  vfafla  odiors  are  normal  eruptive  rocks. 

AurfiL— QHartz-rocA^  are  either  normal  eruptive  rocks  a 
mIm  fonBcd  uf  d0p(MKHdM  Bran  nuDHd  SBRiWi^  vi 
boAohMMAMdd  begraopid  with  ihe  jgaw  n<ft«  ■ 
WA  Uadi   an   inan   or  kn  dinotfy  tta  pUJi*   « 


kxpunahok  or  lun. 
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MANCHESTER    GEOLOGICAL    SOCIETY. 

Pabt  XVI.  Vol.  XIV.  Session  1877-8. 

At  the  Ordinary  Meeting  of  the  Members  of  the 
Society,  held  on  Tuesday,  the  19th  December,  1877,  in  the 
Literary  and  Philosophical  Society's  Booms,  George  Street, 
Manchester ; 

The  President,  Joseph  Dickinson,  Esq.,  F.G.S., 

in  the  Chair. 


ON  THE  DAVY  LAMP  AND  BLASTING  IN  MINES. 

By  Joseph  Dickinson,  F.G.S. 


The  Davy  lamp  is  known  to  be  safe  only  under  certain 
circumstances.  It  may  be  put  into  an  explosive  or  inflam- 
mable mixture,  and  if  withdrawn  quietly  the  gas  flashes  or 
bums  inside  the  gauze,  sometimes  putting  the  light  out  and 
sometimes  not,  but  without  flame  passing  through  the  gauze. 
The  standard  mesh  of  the  gauze  is  784  apertures  (28  x  28) 
to  the  square  inch.  With  this  the  cooling  property  appears 
to  be  such  as  to  prevent  the  ignition  of  gas  externally  until 
the  gauze  becomes  red  hot,  or  unless  there  be  Some  defect  in 
the  lamp,  or  some  easily  firing  or  flaming  substance  on  the 
gauze.  I  have,  on  hundreds  of  occasions,  had  to  trust  my 
life  to  this  kind  of  lamp.  The  practice  is  to  lift  it  up 
towards  the  roof.     If  held  for  a  short  time,  till  it  gets 


heated,  it  apparently  indicate  better.  Many  prefer  trying 
Tith  a  very  tjaaH  liglit,  us  tlie  indicatioD.  may  then  be  sxn 
best.  Looking  tlirongh  blue  glass  is  also  now  said  to  be  an 
improvement.  The  usual  indication  is  a  blue  cap  on  tlie 
flame,  hot  the  whiter  it  is,  the  quicker  it  iires.  If  the  cap 
begins  to  tail  np,  or  the  Jlame  to  flutter,  and  there  be  time, 
it  ifl  beat  to  lower  the  lamp,  without  allowing  it  to  fire,  but 
alwajB  goitly.  When  the  top  of  the  lamp  touches  the  roof 
without  showing  gas,  the  practice  in  some  districts — but 
whioh  is  reprobated  in  others — is  to  place  the  lamp  ddfr 
waya,  in  order  to  test  the  uppermost  part,  where  firedamp 
naturally  lies. 

The  gaoze  of  the  Davy,  elb  commonly  used,  is  about  5^ 
inches  in  lengUi  by  IJ  inches  in  diameter,  with  a  cap  for  the 
top.  This,  aooording  to  the  experiments  i-ecorded  (page  39, 
VoL  17,  North  of  England  Institute  of  Mining  Eugiueersl. 
admits  of  flame  passing  throogh,  or  of  fstranal  ignition,  at 
a  Telocity  of  11|  feet  per  seoood,  or  690  feat  per  mmatei 

Should  a  person  get  into  an  explosive  mixtore,  whrae  the 
lamp  fills  with  flame  and  continues  burning,  notwithstanding 
that  the  wick  be  drawn  down,  and  there  is  no  escape,  the 
Special  Colliery  Bules  of  this  district  enjoin  that  he  most 
smother  it  out.  How  that  may  best  be  done  is  left  to  his 
own  discretion.  If  water  were  near  he  might  probably  dip 
it  in,  or  if  dust  cover  it,  or  put  it  in  bis  woollen  jacket. 
tTnder  such  circumstances  there  is  some  risk. 

The  latest  fatal  instance  of  gas  firing  through  the  ganse 
of  a  Davy  lamp,  that  I  remember  investigating,  occurred  <m 
Sunday,  the  30th  of  March,  1873,  as  two  miners  were 
repairing  au  airway  in  the  Old  Mine,  at  Bardsley  Collieiy, 
Ashton-under-Lyne.  Without  any  previous  warning,  it 
appears,  a  current  of  infiammable  gas  suddenly  came  upon 
them,  and  soon  fired  through  one  of  the  lamps.  Both 
miners  were  badly  burned,  h    t  one  surriyed.     He  deeoribed 
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that  on  finding  the  gas  firing  in  the  lamps  they  pulled  down 
the  wicks  with  the  pricker,  but  that  being  of  no  avail, 
consequent  upon  the  gas  burning  in  the  lamps,  and  the 
lamps  getting  too  hot  to  handle,  the  flame  passed  through 
the  gauze.  The  best  **  science  man"  in  the  world,  he  said, 
could  have  done  no  more  than  they  did  under  the  circum- 
stances. The  outburst  of  gas,  it  was  afterwards  found,  came 
from  a  rent  in  the  floor  at  a  face  of  work.  The  issue,  when 
I  visited  the  place  on  the  third  day  afterwards,  was  still 
continuing,  but  apparently  pining  off. 

Self-extinguishing  safety  lamps,  such  as  the  Stephenson, 
may  generally  be  relied  upon  in  such  emergencies,  but  they 
aJre  not  without  drawbacks,  which  greatly  restrict  their 
general  use. 

In  Scotland,  the  Davy  lamp  is  used  by  the  firemen  in 
trying  places,  but  that  used  by  the  miners  is  called  the 
gauze  lamp.  The  principle  of  the  two  lamps  is  the  same, 
the  difference  being  that  the  gauze  lamp  is  larger,  and  gives 
better  light.  The  gauze  lamps  are  of  two  sizes,  both  much 
larger  than  the  Davy.  The  larger  one  has  a  gauze  cylinder 
6i  inches  in  height  by  3  J  inches  in  diameter,  surmounted 
by  a  conical  top  3  inches  high,  the  gauze  at  the  upper  part 
of  the  cone  being  double.  The  smaller  one  has  the  gauze 
cylinder  4J  inches  high  by  2f  inches  in  diameter,  with  the 
cone  2^  inches  high,  and  double  at  the  top.  Each  lamp  has 
a  padlock  and  key.  The  smaller  lamp  shown  has  a  mesh  of 
nearly  784  apertures  to  the  square  inch,  but  the  larger  one 
is  more  open.  These  lamps  have  apparently  been  long  used 
for  partial  working  in  Scotland,  and  are  said  to  h&ve  stood 
many  tests  without  flame  passing  through  the  gauze.  It 
seems,  however,  that  in  a  few  instances  they  are  giving 
place  to  the  Davy.  The  Davy,  having  only  a  IJ  inch 
cylinder,  is  presumably  safer,  but  it  gives  a  poor  light ;  and 
in  Scotland  it  seems  the  practice,  when  the  fireman  is  going 


his  rounds  with  it,  he  carrieH  the  lamp  of  the  country  al» 
for  light. 

At  a  time  like  this,  when  the  public  mind  ha«  been  exciwd 
by  a  yery  serious  explosion,  and  when,  as  I  am  informed, 
the  Coal  Association  are  diacusaing  the  question  of  lighting 
and  blasting  in  mines,  it  may  be  useful  to  review  the  rego- 
lationfi  which  are  now  in  force.  J 

The  rules  under  the  Coal  Mines  Act  are  very  strict,  and  I 
the  special  rules  of  this  district  supply  further  conditioiu.  ■ 
They  are  as  follows  : — 

2.  In%pfcimg  and  rtporling  on  Oa»eaa*  Mint). — In  every  mine 
in  which  inflammablt,'  gas  hna  been  found  within  the  preceding 
twelve  months,  then  onco  in  every  twenty-four  hours  if  one  ehifl  of 
workmen  is  etoployeil,  and  once  in  every  twelve  hours  if  two  Bhiita 
are  employed  during  any  twenty-four  hours,  a  competent  pcreoo  or 
competent  persons,  who  shall  be  appointed  for  tbo  purpose,  shall, 
before  the  timo  for  commencing  work  in  any  part,  of  the  mine, 
inspect  with  a  safety  lamp  that  part  of  the  mine,  and  the  roadways 
leading  thereto,  and  aliall  make  a  tme  report  of  the  condition 
thereof,  so  far  tts  ventilation  is  concerned,  and  a  workman  shall 
not  go  to  work  in  such  part  until  the  same  and  the  roadways  lead- 
ing thereto  are  stated  to  be  safe.  Every  such  report  shall  be 
recoided  without  delay  in  a  book  which  shall  be  kept  at  the  mine 
for  the  purpoee,  and  shall  be  signed  by  the  person  maldng  the 

6.  Withdrawal  of  Worhnen  in  Catt  qf  Dangtr,  and  intptetinf 
and  reporting  on  cautt. — If  at  any  time  it  is  found  by  the  person 
for  the  time  being  in  charge  of  the  mine,  or  any  part  thereof,  that 
by  reason  of  noxious  gases  prevailing  in  such  mine  or  such  part 
thereof,  or  of  any  cause  whatever,  the  mine  or  the  said  part  is 
dangerous,  every  workman  shall  be  withdrawn  from  the  mine  or 
such  part  thereof  as  is  so  found  dangerous ;  and  a  competent 
person,  who  shall  be  appointed  for  the  purpose,  shall  inspect  Um 
mine  or  suoh  part  thereof  as  is  so  found  dangerous,  and  if  tli« 
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danger  arises  from  inflammable  gas  shall  inspect  the  same  with  a 
locked  safety  lamp,  and  in  every  case  shall  make  a  true  report  of 
the  condition  of  such  mine  or  part  thereof;  and  a  workman  shall 
not,  except  in  so  far  as  is  necessary  for  inquiring  into  the  cause  of 
danger,  or  for  the  removal  thereof,  or  for  exploration,  be  re- admitted 
into  the  mine,  or  such  part  thereof  as  was  so  found  dangerous,  until 
the  same  is  stated  by  such  report  not  to  be  dangerous.  Every  such 
rex>ort  shall  be  recorded  in  a  book  which  shall  be  kept  at  the  mine 
for  the  purpose,  and  shall  be  signed  by  the  person  making  the 
same. 

7.  Safety  Lamps  and  LighU, — In  every  working  approaching 
any  place  where  there  is  likely  to  be  an  accumulation  of  explosive 
gas,  no  lamp  or  light  other  than  a  locked  safety  lamp  shall  be 
allowed  or  used ;  and  whenever  safety  lamps  are  required  by  the 
Act,  or  by  the  special  rules  made  in  pursuance  of  the  Act,  to  be 
used,  a  competent  person,  who  shall  be  appointed  for  the  purpose, 
shall  examine  every  safety  lamp  immediately  before  it  is  taken  into 
the  workings  for  use,  and  ascertain  it  to  be  secure  and  securely 
locked ;  and  in  any  part  of  a  mine  in  which  safety  lamps  are  so 
required  to  be  used,  they  shall  not  be  used  until  they  have  been  so 
examined  and  found  secure  and  securely  locked,  and  shall  not 
without  due  authority  be  unlocked ;  and  in  the  said  part  of  a  mine 
a  person  shall  not,  unless  he  is  appointed  for  the  purpose,  have  in 
his  possession  any  key  or  contrivance  for  opening  the  lock  of  any 
such  safety  lamp,  or  any  lucif er  match  or  apparatus  of  any  kind  for 
striking  a  light. 

8.  Gunpowder  and  blasting. — Gunpowder  or  other  explosive  or 
inflammable  substance  shall  only  be  used  in  the  mine  underground 
as  follows : — 

(ff.)   It  shall  not  be  stored  in  the  mine : 

(6.)  It  shall  not  be  taken  into  the  mine,  except  in  a  case  or 
canister  containing  not  more  than  four  pounds : 

{e.)  A  workman  shall  not  have  in  use  at  one  time,  in  any  one 
place,  more  than  one  of  such  cases  or  canisters  : 

(d.)  In  charging  holes  for  blasting,  an  iron  or  steel  pricker 
shall  not  be  used,  and  a  person  shall  not  have  in  his  possession 


in  the  nuae  nndergrontKl  any  iron  or  steel  pricker ;  and  an  ina 
or  Bteel  tHti[aiig  rod  or  stcmuiFr  shall  not  be  used  for  ramming 
eitlier  ttie  wadding  or  Qic  first  part  of  the  tamping  or  stemmin; 
of  the  poirder :  • 

(«.)  A.  oharga  of  povdcr  which  has  missed  fire  ehaU  not  in 
mmmmed : 

(/.)  It  ahall  not  be  taken  into  or  be  in  the  possossion  of  anj 
person  in  any  mine,  except  in  cartridges,  and  ehall  not  be  oscd, 
except  in  acoordence  with  the  following  regulntioiiB,  during  three 
montlu  after  any  inflammable  gaa  has  been  found  in  any  lach 
Dune;  namelf, 

(1.)  A  competent  person,  who  ■hall  be  anointed  fitr  A» 
pnrpose,  ihall,  immediatdy  brfne  flnng  the  duit,  emdM 
the  place  where  it  ia  to  be  wedj  and  the  plaoea  oaB%waa 
thereto,  and  shall  not  allow  tlie  iliat  to  be  fired  nnksi  he  flndi 
it  tuto  to  do  so ;  and  a  abot  d>all  not  be  fljed  ezoept  bf  cr 
under  the  dirootion  of  a  ooo^etent  peraoo,  who  shall  be 
appointed  Ear  the  pnrpose : 

(2.)  If  the  said  infiammaUe  gas  issned  so  freely  that  it 
ahowed  a  blue  cap  on  the  flame  of  the  safety  lamp,  it  shall 


(a.)  Either  in  those  cases  of  stone  drifts,  atone  work,  and 
sinking  of  shafts,  in  which  the  ventilation  is  ao  managed 
that  the  return  air  from  the  place  where  the  powder  is  used 
passes  into  the  main  return  air  course,  without  passing  any 
place  in  actual  course  of  working ;  or 

(i.)   When  the  persons  ordinarily  employed  in  the  mine 

ace  out  of  the  mine,  or  out  of  the  part  of  the  mine  where  it 

is  asod : 

iff-)   Where  a  mine  is  divided  into  separate  panels,  in  snch 

manner  that  each  panel  has  an  independent  intake  and  retain 

air  way  from  the  main  air  course  and  the  main  return  air  course, 

the  provisions  of  this  rule  with  respect  to  gunpowder  or  other 

explosive  inflammable  substance  shall  apply  to  each  such  panel 

in  like  manner  as  if  it  were  a  separate  mine. 
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SpEaAL  Rules. 
32.  Safety  Lamps  and  Lights, — In  addition  to  the  observance  of 
General  Bule  7)  whenever  safety  lamps  only  are  required  to  be 
used,  he  shall  have  no  light  there  except  in  a  good  safety  lamp ; 
and  he  shall  not  attempt  to  use  -  the  lamp  until  it  has  been  first 
examined  and  locked  by  a  person  duly  authorised ;  and  he  shall 
not  unlock  or  open  the  lamp.  If  the  lamp  become  damaged,  he 
shall  at  once  extinguish  it.  He  shall  take  or  send  each  lamp 
extinguished  in  consequence  of  damage,  or  by  accident,  to  the 
appointed  station,  where  the  proper  officer  will  either  unlock  and 
re-light  it,  or  provide  him  with  a  fresh  lamp.  If  the  gauze  becomes 
smeared  with  oil,  or  clogged  with  dust,  he  shall  cease  using  the 
lamp  until  it  shall  have  been  properly  cleaned ;  and  no  oversight 
on  the  part  of  the  person  authorised  as  above  shall  be  an  excuse 
for  any  work  person  having  in  the  mine  an  open,  unlocked,  inse- 
cure,  or  defective  safety  lamp. 

S3.  Where  naked  lights  are  prohibited,  he  shall  not  smoke  or 
have  there  any  tobacco  pipe,  or  tobacco  for  smoking ;  and  if  there 
is  reason  for  suspicion,  he  shall  be  subject  to  be  personally  searched 
for  tobacco  pipes,  tobacco  for  smoking,  matches,  and  keys,  or  any 
other  contrivance  for  opening  a  safety  lamp,  by  the  underlooker  or 
fireman. 

34.  Should  any  work  person  get  into  fire-damp,  he  shall  not 
throw  away  his  lamp,  nor  attempt  to  blow  it  out,  but  shall  draw 
down  the  wick,  hold  the  lamp  near  the  floor,  avoid  jerking  it,  and 
take  it  steadily  into  the  fresh  air.  If  the  gas  fire  in  the  lamp 
where  he  cannot  take  it  into  firesh  air,  ho  shall  smother  out  the 
light  or  extinguish  it  in  water. 

35.  Where  naked  lights  are  used,  and  he  is  provided  with  a 
safety  lamp,  he  shall  at  the  beginning  of  a  shift,  and  also  after  any 
intermission  of  working,  try  his  place  with  the  lamp,  and  not  with 
a  naked  light,  to  see  if  there  be  fire-damp. 

36.  He  shall  not,  without  the  express  consent  of  his  superior 
officer,  leave  any  light  in  his  working  place,  nor  in  any  part  of  the 
workings,  unless  it  be  left  under  the  care  of  some  person  remaining 
therein. 
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87.  Gunpowder, — In  addition  to  the  obseirance  of  GFeneral  Bole 
8i  where  naked  lights  are  used  and  he  is  provided  with  a  safety 
lamp,  he  shall  on  returning,  after  a  shot  has  been  fired,  try  hk 
place  with  the  safety  lamp,  to  see  if  there  be  fire-damp.  If  a  shot 
misses  fire,  he  shall  not,  except  in  case  of  emergency  or  irben 
specially  allowed  to  do  so,  return  to  it  until  after  the  lapse  of  ooe 
hour. 

61.  Lampmen, — The  person  or  persons  appointed  to  examine 
and  lock  the  safety  lamps  shall  daily  examine  and  lock  each  lamp, 
and  see  that  it  is  in  good  order  and  clean,  and  free  from  any  broken 
wire  or  wide  space  in  the  gauze ;  and  also  that  it  has  a  doeely- 
fitting  hoop  inside  the  gauze,  and  that  the  pricker  fits  the  hole. 

The  powder  rule  is  very  stringent.  Powder  may  only  be 
taken  into  a  mine  in  canisters,  containing  not  more  than 
four  poimds.  If  firedamp  has  been  foimd  in  that  part  of 
the  mine  within  the  preceding  tliree  months,  the  powder 
must  be  in  cartridges,  and  the  shots  may  only  be  fired  under 
the  supervision  of  a  competent  person,  appointed  for  the 
purpose.  If  the  mine  be  very  fiery,  according  to  the  test 
enjoined  of  showing  indications  of  gas  as  it  issues  from  the 
strata,  notwithstanding  adequate  ventilation,  shots  may  only 
be  fired  when  the  ordinary  work  persons  are  out  of  that 
panel  of  the  mine.  And,  lastly,  it  may  not  be  used  at  all, 
unless  it  is  safe.  Further  than  this  it  appears  impossible  to 
go,  unless  by  total  prohibition.  The  condition  of  the  use  of 
open  lights — as  shown  by  the  explosions  at  Blantyre,  with 
209  lives  lost,  and  114  at  Cymmer — is  unreliable.  But  to 
forbid  the  use  altogether  would  be  to  sacrifice  the  advan- 
tages given  by  science. 


Mr.  W.  J.  Grim  SHAW  said  that  he  was  sure  that  none  of 
those  present  were  acquainted  with  the  kind  of  lamps  which 
Mr.  Dickinson  had  exhibited.  The  gauze  certainly  did  not 
seem  to  contain  784  orifices  to  the  square  inch,  it  was 
more   like  24  or  26  gauze,   and  was  very   much  coarser 
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than  the  ordinary  wire  gauze.  The  Scotch  Gauze  lamps, 
which  Mr.  Dickinson  showed,  seemed  very  much  lighter 
than  the  ordinary  Davy  lamp  used  in  this  district,  even 
taking  into  account  the  extraordinary  difference  in  size. 

Mr.  Hall  asked  Mr.  Dickinson  if  any  provision  was  made 
in  the  larger  of  the  two  lamps  exhibited  for  thickening  the 
wires,  &c.,  as  to  meet  the  larger  diameter  of  the  gauze. 

The  President  :  The  gauze  of  the  large  lamp  speaks  for 
itself.     It  seemed  to  me  to  be  about  only  the  ordinary  size 
of  wire  used  in  our  Davy  lamps,  but  it  has  not  got  so  many 
wires  to  the  square  inch.     The  openings  are  larger — 24  to 
an  inch  instead  of  28.     In  some  mines  these  lamps  are  now 
giving  place  to  the  Davy,  though  they  are  still  the  common 
working  lamps  throughout  Scotland.     One  of  the  advan- 
tages of  the  Scotch  lamp  is  that  it  gives  a  better  light.    But 
for  testing  they  always  carry  a  Davy  lamp.     Whether  these 
Scotch  lamps  are  as  safe  as  the  English  has  not  yet  been 
tested ;  presumably  they  are  not  so  safe,  judging  by  the  size 
of  them.     In  the  experiments  I  have  alluded  to,  recorded  in 
the  Transactions   of  the  North  of  England   Institute    of 
Mining  Engineers,  they  first  commenced  to  make  experi- 
ments in  a  box.     They  placed  the  Davy  lamp  in  a  box,  filled 
with  an  explosive  mixture,  and  whirled  the  lamp  round, 
noting  the  velocity  at  which  the  gas  fired.     The  drawback 
to  that  experiment  was  that  they  were  whirling  the  lamp 
round  in  the  same  atmosphere  in  which  it  was,  during  the 
time,  consuming  that  explosive  mixture  and  leaving  some  of 
the  products  of  combustion  in  which  it  had  to  work.     They 
afterwards  got  a  long  tube  and  passed  the  different  mixtures, 
and  at  different  velocities,  through  it,  and  they  had  the 
lamps  stationed  in  front  of  a  glass  window,  so  that  they 
could  see  it  during  the  operation ;    they  had  also  one  of  my 
anemometers  placed  opposite  another  glass  window  so  that 
they  could  observe  the  actual  velocity  at  which  the  current 


ma  tatTeUing,  aod  until  the  lamp  got  red  hot  and  thft  gii 
Cj«d. 

Mr.  Hall  said  that  the  Fredident,  at  the  close  of  tii> 
paper,  with  regard  to  the  use  of  gunpowder  in  mines, 
Km&rked  that  if  gas  was  found  issuing  freely  from  the 
strata,  notTrilhstanding  perfect  ventilation,  a  shot  wasuoE 
to  be  fired  until  all  the  men  had  been  withdrawn  baa 
tint  puul  of  the  mine. 

The  Pkesident  :  That  is  the  Act  of  Parliament. 

Mr.  Ha:i.u:  I  would  like  Mr.  Dickinaon  further  to  ejpl&in 
wliafc  is  meant  hy  gas  issuing  from  the  strata.  We  mayfind 
in  a  place  properly  ventilated  litlle  blowers  that  will  fire  in 
&e  lamp,  that  being  eo,  I  would  ask  whether  that  would  be 
a  fair  ooodilion  under  which  a  manager  would  be  bound  to 
vithdzav  his  men  before  firing  a  shot. 

The  Pbesidest:  It  is  not  forme  to  say  whether  it  is » 
jwoper  or  improper  condition.  I  Bay  it  is  the  mining  ktr. 
It  is  required  by  the  Act  for  the  Regulation  of  Mines. 

Mr,  Hall:  I  will  take  it  either  way — whether  it  u  yonr 
opinion,  or  whether  it  it  is  the  law. 

The  President:  It  is  the  law,  if  notwithstanding  adequate 
ventilation,  the  issue  of  gas  from  the  strata  is  such  as  evon 
to  show  in  the  lamp — not  actually  fire,  but  if  there  is  a  mere 
indication  that  it  is  going  to  fire — no  shot  shall  be  fired 
unless  the  men  be  withdrawn  from  that  panel  of  the  mine 
The  Act  is  very  strict. 

Mr.  George  Wild  pointed  out  that,  according  to  hii 
experience,  those  lamps  with  the  larger  diameter  of  gann 
were  the  stifer.  A  jet  of  common  gas  would  ignite  at  the 
flame  inside  a  Davy  lamp  in  about  30  seconds,  whereas,  if  tlie 
glass  be  taken  out  of  Stephenson  lamp  it  was  almost  impi» 
sible  to  ignite  it.  He  also  found  that  gas  would  not  explode 
through  copper  gauze,  where  it  would  explode  through  the 
ordinary  iron  gauze  of  a  Davy  lamp  of  the  same  size. 
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ON  THE    RESOURCES  AND  FUTURE   DEVELOP- 
MENT  OF  THE  COAL  FIELDS   OF  EUROPE. 

By  W.  H.  Johnson,  B.Sc. 


The  extent  and  development  of  our  coal  fields  must 
always  be  a  subject  of  the  greatest  interest  to  Englishmen, 
as  our  country  owes  much  of  its  manufacturing  supremacy 
to  the  abundance  and  cheapness  of  the  supply  of  fuel. 
Should  this  supply  be  materially  diminished  or  should 
other  countries,  by  rapid  development  of  their  mineral 
wealthy  outstrip  us  in  the  cheapness  of  their  fuel,  our 
manufacturing  supremacy  will  be  endangered.  Hence,  it 
is  important  for  us  to  be  acquainted  with  the  extent  and 
situation  of  the  coal  fields  of  other  countries  and  to  watch 
carefully  the  development  of  mining  enterprise  all  over 
the  world. 

Europe,  compared  with  America  and  Asia,  is  but  scantily 
supplied  with  fuel ;  in  Asia,  India  alone  has  a  greater  area 
of  coal  fields  than  all  Europe,  while  China  has  still  greater 
stores  of  fuel.  Upwards  of  200,000  square  miles,  or  one- 
tenth  of  the  whole  area  of  the  United  States  of  America 
consists  of  coal  measures,  while  in  Great  Britain  the  area 
of  the  coal  fields  is  only  A  of  the  whole  or  some  7,000  square 
miles,  and  yet  it  probably  exceeds  that  of  all  the  other 
countries  of  Europe  put  together,  Russia  alone  exoepted. 

The  present  production  of  coal  in  the  world  is  approxi- 
mately,  as  follows: — 

Great  Britain,  1876  .  .  133,344,766  tons.    Mineral  Statistice. 

United  States,  1874  . .     44,091,922 

Prussia,  1876 42,819,345 

Belgium,  1876    14,786,160 

France,  1867 12,148,223 

Austria,  1862 4,552,600 


Zeitscbrift  fiirBerg 
Hiitten,  &c. 


»f 

»9 
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Australia    and    New )       q  aaa  aaa  w-u-    ^ 

Zealand ...)       ^>^^^>^^^     "  ^•''^'^ 

British  North  America  1,500,000     „                „ 

Mexico    1,000,000     „ 

ChiU    1,000,000     „ 

Italy,  1862 775,000    „ 

British  Indies,  1868  . .  564,933 

Spain,  1862     388,950 

Russia  and  Poland ....  262,500 

Great   Britain. 

From  the  preceding  table  it  will  be  seen  that  our  country 
occupies  by  far  the  highest  position  in  point  of  production, 
our  out-put  being  about  equal  to  that  of  all  other  countries 
together.  There  is,  however,  no  doubt  that  we  have 
developed  our  resources  much  more  thoroughly  than  other 
coimtries,  and  that  though  our  coal  fields  could  maintain 
their  present  out-put  for  1040  years,  yet  some  of  our  coal 
deposits  will  be  worked  out  long  before  that  time.  To  this 
approaching  exhaustion  T  would  now  direct  your  attention, 
as  it  has  a  most  important  bearing  on  the  pros2)erity  of  the 
districts  afteeted,  and  the  general  welfare  of  the  country. 
Even  in  the  next  century  it  will  tell  against  the  industries 
of  Scotland  and  the  North  of  England. 

To  begin  with,  take  the  Scotch  coal  field,  of  which  the 

production  in 

1876  was  18,665,552  tons 

and  in   1808    „    14,709,959    „ 

being  an  increase  in  eight  years  of  '3,955,593    „    per  annum. 

The  production  is  likely  to  be  still  further  increased  as 
the  coal  is  easily  and  inexpensively  worked,  deep  pits  are 
unknown  in  Scotland,  and  the  demand  for  manufacturing 
and  domestic  purposes  must  increase  with  the  rapid  growth 
of  the  population  and  extension  of  manufactures. 
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We  naturally  ask  what  is  the  supply.  The  Eoyal 
Commission  in  their  1871  report,  give  9,843  million  tons  as 
the  quantity  of  available  coal  in  Scotland;  now  after 
deducting  what  has  been  extracted  since  that  datej  we  find 
the  present  out-put  can  only  be  maintained  500  years. 
Probably  in  a  century  and  a  half  a  great  diminution  in  the 
out-put  will  be  apparent,  which  will  exercise  a  very 
prejudicial  effect  on  the  prosperity  of  the  South  of  Scotland. 

We  next  come  to  the  coal  field  of  Northumberland  and 
Durham,  unequalled  for  the  quality  of  its  coke  and  the 
natural  facilities  which  its  riyers  afford  for  the  export  of 
ooal.  Its  annual  production,  32  million  tons,  almost  equals 
that  of  the  United  States  or  Prujssia,  while  it  surpasses  that 
of  all  other  countries  put  together.  In  the  last  eight  years 
its  increase  has  been  rapid,  upwards  of  one  million  tons 
per  annum. 

Out-put  in  1876 81,991,623  tons. 

„   1868 24,394,167      „ 

Increase 7,597,456      „ 

The  quantity  now  ayailable  is  probably  about  the  same 
as  in  Scotland,  and  at  the  present  rate  of  production  will 
last  only  some  300  years.  In  consequence  of  the  great 
depression  in  the  iron  trade,  the  production  last  year  was 
a  little  less  than  in  the  previous  one,  though  there  is  every 
probability  that  the  out-put  will  be  well  maintained  for  many 
years.  In  50  years,  this  district  will  not  be  able  to  retain 
its  present  proud  position  of  largest  producer  among  the 
coal  fidds  of  Great  Britain,  and  in  two  centuries  coals  may 
regularly  be  sent  from  Yorkshire  to  the  iron  works  in 
Durham.  The  waters  of  the  Tyne  and  the  Wear  will  then 
no  longer  be  darkened  by  fleets  of  colliers,  waiting  to 
convey  the  black  diamond  of  the  North  to  all  parts  of  the 
world,  for  the  export  trade  will  be  gone. 
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The  South  Staffordshire  coal  field  is  already  half  worked 
out-,  but,  lying  in  close  proximity  to  other  more  extensive 
coftl  fields,  its  ironworks  and  manufactories  can  be  supplied 
on  reasonable  t^rms ;  and  though  ita  day  of  cheap  coals  is 
over,  its  industry  is  not  threatened  with  a  short  supply  of 
fuel  for  many  years  to  come. 

The  coal  fields  of  Lancashire  and  Cheshire  can  probably 
maintain  the  existing  out-put  for  800  years,  as,  besides  tlie 
Tisible,  there  is  a  large  concealed  supply.  Looking,  how- 
ever, at  the  vast  and  increasing  industry  of  the  district,  ta 
cannot  boast  of  any  too  large  a  supply  of  coal. 

Having  considered  our  best- developed  coal  fields,  let  us 
now  examine  where  the  greatest  future  extension  of  mining 
enterprise  is  to  be  looked  for  ;  and  first  is  the  South  Wales 
basin,  containing  probably  3*2,000  million  tons,  or  one-fourth 
of  the  whole  available  supply  of  coal  in  Great  Britain,  its 
out-put  being  at  present  but  one-ninth.  Abuting  on  the  sea 
coast,  and  with  convenient  porta  of  shipment.  South  Wales 
will  at  no  very  distant  time  take  the  lead  in  the  export  trade 
which  the  Northumberland  and  Durham  district  does  at 
present,  and  the  era  of  cheap  fuel  will  probably  last  longer 
there  than  in  any  other  part  of  Great  Britain. 

Equally  bright  is  the  future  of  the  great  cofj  field  of 
Yorkshire,  Derbyshire,  and  Nottinghamshire,  with  an  avail- 
able supply  of  41,000  million  tons,  or  nearly  one-thii'd  of 
the  whole  supply  of  the  United  Kingdom.  This  abundance 
of  excellent  fuel  must  rapidly  increase  the  manufacturing 
industry  and  prosperity  of  this  district. 

Amongst  the  smaller  coal  fields,  those  of  the  North  Staf- 
fordshire district  and  Bristol  probably  admit  of  great  de- 
velopment. 

Germany. 

The  production  of  coal  has  increased  more  rapidly  in 
Germany  than   in   almost  any  other  country,  and  it  noT 
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nearly  equals  that  of  the  United  States.  To  the  west,  the 
largest  coal  field  is  the  basin  of  the  Saar,  with  an  area  of 
some  900  square  miles.  As  yet,  however,  the  out-put  is  but 
smalL 

In  point  of  production,  by  far  the  most  important  are  the 
great  coal  fields  of  the  Rhine,  Ruhr,  and  Westphalia,  yield- 
ing together  about  one-half  the  whole  produce  of  Germany. 

In  1876  it  was     17,902,412    metric  tons  coal  * 

And  100,124  „         brown  coal* 

Total 18,002,536 


This  coal  is  of  very  superior  quality,  it  can  generally  be 
more  cheaply  mined  than  either  Belgium  or  French  coal, 
and,  but  for  its  distance  from  the  sea,  would  be  a  serious 
oomipetitor  of  ours  in  the  foreign  trade.  Several  collieries 
on  the  Ruhr  are  already  sending  quantities  to  the  London 
market,  and  efforts  are  being  made  to  establish  shipping 
ports  on  the  North  Sea. 

At  Piesburg,  near  Osnabriick,  to  the  north  of  the  last- 
named  coal  field,  a  fair  quality  of  anthracite  coal  is  found. 
It  is  but  little  worked  or  appreciated  at  present.  There 
seems,  however,  to  be  a  great  future  for  it  in  the  supply  of 
the  numerous  steamers  at  Hamburg  and  Bremerhaven,  to 
which  it  is  the  nearest  coal  field. 

The  coal  fields  in  Silesia  are  the  next  in  importance,  they 

have  a  large  area,  and  had  an  out-put 

In  1876,    of       10,618,379     metric  tons  coal* 

And  440,488  „        brown  coal* 

Total 11,068,867 

Then  follow  the  coal  fields  of  Hanover,  Hesse  Nassau,  and 

Saxony.     The  total  production  of  Prussia  for  the  year  1876 

being 

34,466,249    metric  tons  coal  * 
9,986,122  „         brown  coal  * 

*  Zeitschrift  fur  Berg  Hutten,  etc. 


Some  tliree-ffjurths  of  the  brown  coal  is  the  produce  of  t}u 

district  of  Magdeburg  aod   Merscburg,  in  Saxony,     About 
ono  million  tons  are,  however,  raised  in  Brandenburg. 

Austria. 
The  largest  deposits  of  fuel  are  found  in  Bohemia,  where 
there  are  important  beds  of  coal  and  lignite,  at  present 
worked  on  a  small  but  rapidly  increasing  scale.  In  iloraria, 
on  the  banks  of  the  Oder  and  its  tributary,  the  Ostrawitm, 
and  also  in  the  districts  of  Eossitz  and  Oslawan  coal  mining 
is  extensively  carried  on.  Coal  is  also  worked  in  Austrian 
Silesia. 

Belgium  asd  Fsanck. 
The  Belgian  coal  fields  unite  with  those  of  the  north  of 
France  to  form  one  field  with  an  area  of  some  1200  squaiB 
miles,  commencing  at  Ais-la-Chapelle  in  Pmaaia  aid 
running  through  Licge  Charleroi  and  Mons,  in  Belgium, 
it  enters  France  at  Valenciennes  and  continues  thence  as 
Douiii  and  Lillior  to  Boulopne. 

The  Belgium  portion  of  this  field  is  pretty  well  developed 
and  may  be  divided  into — 

Ist.    The  Mona  basin  producing  a  good  coking  and  gas 

coal,  chiefly  sent  to  Paris. 
2nd.   The    Charleroi    basin    intermediate    in    quality 

between  the  last  and  the  next. 
3rd.   Liege  basin,  free  burning  coal. 
The  French  portion  probably  admits  of  the  greatest  futnw 
development,  but  the  expense  of  mining  consequent  on  the 
contorted  nature  of  the  beds  and  the  limited  area  will  never 
allow  of  any  great  out-put. 

Further  south  lie  the  coal  fields  of  the  Loire  and  Si 
Etienne  of  limited  area  but  with  a  large  production,  ii 
compared  with  other  countries  of  Europe,  France  has  but 
small  wealth  in  coal. 


853 

Spain. 

In  addition  to  her  other  great  mineral  wealth,  Spain  has 
large  coal  fields,  and  though  at  present  but  little  known  and 
with  a  very  small  production,  they  are  at  some  time  destined 
to  be  of  great  importance. 

An  excellent  coal  is  now  worked  in  the  Linares  district 
in  the  South  where  it  is  used  for  iron  manufacture  and  lead 
smelting  and  is  said  to  be  equal  to  the  best  English  coal. 

Perhaps  the  most  important  deposits  of  coal  are  found  in 
Asturias  and  extend  along  the  Bay  of  Biscay  from  Santan- 
der  to  the  west.  The  quality  of  the  coal  is  good,  there  are 
several  excellent  harbours  along  the  coast  which  will  serve 
some  day  as  convenient  shipping  ports,  further,  there  is 
a  great  abimdance  of  superior  iron  ore.  These  advantages 
miust  in  time  make  this  one  of  the  greatest  coal  and  iron 
producing  districts  of  Europe  and  probably  an  important 
rival  of  South  Wales. 

In  the  north-east  of  Spain  and  some  other  districts  small 
deposits  of  coal  are  known. 

Russia. 

The  carboniferous  rocks  are  extensively  developed  in 
Russia,  and  at  intervals  contain  valuable  coal  beds;  the 
most  important  of  which  is  probably  the  coal  field  north  of 
the  Sea  of  Azof,  between  the  Dnieper  and  the  Don,  with  an 
area  of  about  11,000  square  miles.  The  great  natural  advan- 
tages it  possesses  in  its  proximity  to  the  sea  coast  will  enable  it 
some  day  to  supply  the  trade  of  the  Black  Sea,  and  the  navi- 
gable rivers  which  intersect  it  will  afibrd  an  easy  and  cheap 
transport  to  the  interior  of  Russia  whenever  its  resources  are 
developed.  In  fact,  this  coal  field,  which  is  at  present  mined 
in  a  very  rude  manner  in  a  few  places  only,  appears  destined 
at  some  future  time  to  become  the  centre  of  a  larger  manu- 
facturing industry  than  any  other  part  of  Russia,  for  we  have 
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here  the  singularly  felicitous  oombination  of  abundance  of 
coal  and  com,  cheap  water  transport,  central  position  between 
the  markets  of  Europe  and  Asia,  together  with  a  less  severe 
climate  than  other  parts  of  the  empire.  If  a  spirit  of  enter- 
prise and  industry  could  only  be  implanted  in  the  people  it 
would  soon  take  a  foremost  rank  in  Europe  as  an  industrial 
and  commercial  centre. 

Another  large  coal  field  stretches  along  the  western  base 
of  the  Ural  Mountains  from  the  Arctic  Sea  to  the  River  Ural. 
In  time  it  must  be  of  great  value  as  a  source  of  fuel  for 
smelting  the  rich  ores  of  iron  and  more  precious  metals  so 
abundant  in  these  mountains. 

There  are  extensive  coal  fields  in  the  centre  of  Russia 
around  Moscow,  but  the  quality  is  poor.  In  the  Causcasus 
is  also  a  deposit,  while  in  Poland  is  a  small  but  very  pro- 
ductive coal  field  on  the  confines  of  Austria,  Prussia,  and 
Russia,  remarkable  as  containing  a  very  thick  coal  seam,  no 
less  than  16  yards  in  thickness. 

Turkey. 

Some  Yiiluablc  bods  of  coal  are  found  in  Moldavia, 
Eouraelia,  and  on  the  Black  Sea,  the  extent  is  at  present 
almost  unknown,  but  under  a  better  form  of  government 
they  will  no  doubt  bo  rapidly  developed.  Xear  Erakli,  on 
the  Black  Sea,  coal  was  rained  during  the  Crimean  War, 
for  the  use  of  the  combined  English  and  French  fleets. 

In  Stvria,  Xortliorn  Italv,  Switzerland,  and  even  in 
Greece,  deposits  of  lignite  are  pretty  extensively  worked, 
but  from  the  inferior  nature  of  this  fuel,  it  will  never  hare 
more  than  a  local  consumption.  A  little  anthracite  is 
mined  on  the  Alps,  in  Savoy,  and  Canton  Glarus. 

In  conclusion,  I  have  to  acknowledge  the  assistance  I 
have  derived  from  Professor  IIulFs  work  on  the  Coal  tields 
of  Great  Britain. 
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The  President  said  he  believed  it  may  be  taken  as  a  fact, 
as  stated  by  Mr.  Johnson,  that  ordinarily  the  best  coke  came 
from  the  North  of  England ;  but  there  are  cokes  manufactured 
in  Lancashire  which  would  hold  their  own  against  the  best 
Durham  coke,  and,  by  care  in  the  manufacture,  actually 
fetched  higher  prices.  Coke  might  be  made  silvery  or  black 
in  appearance,  light  or  heavy,  according  to  the  treatment  it 
received  in  the  oven  and  on  coming  out  of  the  oven.  Of 
course  there  must  be  a  suitable  coal  for  coking. 

Mr.  Johnson,  in  reply  to  observations  made  by  Mr.  Martin, 
said  that  in  his  opinion,  the  Westphalian  coal  field  would 
never  be  anything  more  than,  say  that  of  North  Durham  and 
Northumberland.  It  would  be  a  number  of  years  before 
it  overtook  them.  It  would  not  compare  in  area  with  the 
Russian  coal  field,  say  in  the  neighbourhood  of  the  Sea  of 
Azoff,  and  he  believed  some  of  the  Bohemian  coal  fields  would 
develop  quite  as  largely  as  those  of  the  Ruhr  were 
developed  at  present.  A  great  deal  of  money  had  been  laid 
out  there,  and  a  great  impetus  given  to  industry  through  the 
development  of  the  iron  trade. 

Mr.  Martin  said  he  had  omitted  to  mention  that  the 
director  of  one  of  the  Government  mining  schools  estimated 
the  coal  fields  of  Westphalia,  as  already  explored,  to  contain 
coal  for  800  years,  at  the  present  total  out-put  of  Great 
Britain.  The  Brown  coal  of  Bohemia  was  quite  a  different 
article  to  the  so-called  "  Stone  Coal"  of  the  Carboniferous 
measures,  and  is  not  likely  to  compete  with  it  generally  for 
industrial  purposes.  It  is  unsuitable  for  iron  manufacture 
on  a  large  scale. 

Professor  Boyd  Dawkins  said  he  wished  to  say  a  word 
regarding  the  production  of  coal  in  this  country.  It  seemed 
to  him  that  the  statistics  regarding  our  ultimate  supply  of 
coal  were  altogether  unsatisfactory.  It  was,  undoubtedly, 
true  that  we  had  a  certain  area  of  coal  cropping  out  at  the 


surface,  which  we  could  eBtiinate  certainly,  and  about  which 
there  could  be  no  mistake,  but  to  this  must  he  added  the  coal 
which  was  under  the  red  rocks,  and  the  probable  extent  oi 
the  valuable  and  important  coal  measures  of  South  Wales, 
in  Somerset,  and  of  Yorkahire,  under  the  secondary  rooli 
of  Southern  and  Eastern  England.  He  thought  it  extremdy 
probable  that,  aa  enterprise  got  developed,  we  should  find 
coal  to  a  larger  extent  than  was  at  present  suspected.  He 
would  not  be  surprised  at  their  finding  enormous  supplies  rf 
coal  under  the  South-eastern  districts  of  England.  It  m 
true  that  the  exploration  in  the  Weald,  near  Battle,  failed, 
but  everybody  knew  that  to  eink  a  shaft  for  the  coal 
measures  under  the  secondary  rocks  was  like  letting  down  a 
line  to  fish  in  the  sea.  They  did  not  catch  a  fish,  but  he  had 
no  doubt  that,  if  some  half  dozen  or  bo  further  attempti  I 
were  made,  one  or  more  would  be  successful.  He  believed  I 
they  would  hit  the  coal  field,  so  important  in  South  Wale^-J 
which  cropped  up  in  the  neighbourhood  of  Bristol,  and  waifl 
really  a  continuation  of  the  important  and  vahiable  field  ^ 
which  extruded  through  Belgium  into  the  region  of  Weet- 
phalia.  Wjth  regard  to  the  general  question  of  the  supply  of 
coal,  he  could  not  help  believing  that  the  enormous  fidda  in 
the  United  States  contained  by  far  the  largest  supply  of 
coal  of  any  part  of  the  world.  He  looked  upon  that  region 
as  the  ultimate  centre  towards  which  all  enterprise  would 
gradually  converge. 
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At  the  Ordinary  Meeting  of  the  Members  of  the 
Society,  held  on  Tuesday,  the  26th  February,  1878,  in  the 
Literary  and  Philosophical  Society's  Booms,  George  Street, 
Manchester ; 

Joseph  Dickinson,  Esq.,  F.G.S.,  President, 

in  the  Chair. 

Mr.   Charles  Cooke,  manager  of  the  Moston  Colliery, 
Failsworth,  was  elected  an  Ordinary  Member  of  the  Society. 


THE  MINES    OF   THE    PARYS    MOUNTAIN, 

ANGLESEY. 


The  following  paper  *'0n  the  Mines  of  the  Parys 
Mountain,  Anglesey,"  was  read  by  Mr.  T.  F.  Evans,  H.M. 
Inspector  of  Mines : — 

The  voyager  who  sails  along  the  Northern  Coast  of  the 
Isle  of  Anglesey  cannot  fail  to  have  his  attention  attracted 
by  an  object  lying  about  two  miles  from  the  shore,  which, 
from  its  barren  and  singular  appearance,  contrasts  con- 
spicuously with  the  fertile  pasture  lands  of  the  surrounding 
country.  It  is  a  little  hill,  which,  although  rising  no  higher 
than  about  500ft.  above  the  level  of  the  sea,  and  bearing 
over  a  large  portion  of  its  surface  a  soil  deep  enough  for  the 


e  OBW  rendered  famous  througli- 
ool  tlw  meld,  ■ader  the  name  of  P&tys  Mountaio,  b;  the 
^kotmiofa  qaantitiM  of  copper  ore  atmaaUy  extracted  froo 
tto  KNttltent  slope.     Its  minea  were  in  modem  times  fint  a 
■iiMinnfiiTTj  opened  tn  the  jaar   1768,  and  from  that  tins  1 
vp  to  tlie  present  dar  thej  hare  been  prosecuted  withod  II 
AUhotigb  subject,  like  all  mining  enterpn'sc^,  t^  1 
of    richne^    and    poverty,    and     frequen^ ' 
■dTBTself  affected  br  mercantfle  depression  in  their  staple 
tfommodity,   the^  bare  maintained   their  existence  with  & 
tetucitT  wliich  can  be  explained  onlr  by  the  huge  develop- 
mrait  of  the  or«y  mos^e^  and  the  general  r^ularity  of  their 
method  of  occorrpnce- 

A  reference  to  the  map  of  the  geological  survey  vill  show 
that  the  subjoct  under  tieatmeitt  is  sttnated  a  little  leas  thui 
two  miles  footh  of  the  town  of  Amlwch,  within  but  close  to 
the  northern  boundary  of  a  band  of  ahaly  slate  of  the 
SiloHaa  age,  which  stretches  almost  across  the  ialand  in  a 
south  westerly  direction  from  Dnlas  Bay  to  tiie  sandy  shore 
known  as  Tywyn  Trewan,  and  throws  out  about  the  middle 
of  the  island  a  small  branch  which  takes  a  north  westerly 
course,  and  enters  the  sea  at  Cannel's  Point.  The  area  lying 
to  the  north  of  this  band  is  composed  chiefly  of  chloritic 
and  micaceous  schists  apparently  of  the  Cambrian  age,  but 
containing,  at  Llanbadrig  and  other  neighbouring  spots  upon 
the  coast,  beds  of  rock  of  small  extent,  which  supply 
evidences  of  being  Silurian. 

South  of  Parys  Mountain,  a  band  of  slaty  shale  trendi 
from  east  to  west,  and  beyond  this,  southwards,  a  belt  of 
granitic  and  gneissic  rocks  observes  the  same  direction. 

Coming  to  Farys  Mountain  itself,  it  may  be  described 
geologically  as  lying  in  the  narrow  band  of  Silurian  rooki 
before  r^erred  to  as  trareraing  the  isle  of  Anglesey. 
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The  limit  to  which  these  remarks  are  of  necessity  confined, 
precludes  a  minute  description  of  the  structure  of  the  hill, 
which  might  possibly  be  made  interesting  if  time  allowed ; 
but  for  the  purposes  of  the  present  paper  it  will  be  suflBcient 
to  describe  it  as  consisting  of  five  great  rock  masses  of  which 
its  general  mass  is  composed.  These  are  1.  The  northern 
slope,  consisting  of  slaty  shale,  in  which  occur  veins  of 
small  extent  both  as  regards  breadth  and  length  of  quart- 
Kose  and  felspathic  rocks  with  occasional  bands  of  a  greenish 
rook,  which  I  think  may  be  correctly  described  as  a  variety 
of  phonolite.  2.  A  huge  vein  of  quartz,  which  runs  from 
one  end  of  the  hill  to  the  other,  forming  as  it  were  its 
natural  backbone,  and  known  to  the  miners  as  the  Carreg-y- 
doll  lode.  3.  A  great  mass  of  felspathic  rock,  which  varies 
considerably  in  colour  and  character  in  the  course  of  its 
length  and  breadth.  4.  A  band  of  slate  of  a  deep  blue 
colour,  and  5.  A  second  band  of  felspathic  rock,  very 
Himilftr  to  the  first  both  as  regards  character  and  extent, 
which  imderlies  the  whole  of  the  rock  masses  composing 
the  mountain.  Fig.  1  on  the  diagram  will  serve  to  explain 
their  order  of  sequence. 

The  Slaty  Shale  is  of  a  nature  and  colour  which  belong 
characteristically  to  the  Silurian  slate  formations.  The 
'  quartz  taken  generally  is  true  vein  quartz,  but  in  some 
places  it  undoubtly  assumes  the  condition  of  quartzite. 

The  felspathic  rock  underlying  the  quartz  is  somewhat 
more  difiicult  of  description  than  the  rest,  and  I  suppose  I 
may  for  that  reason  be  allowed  to  quote  a  high  authority 
while  making  the  attempt.  In  referring  to  these  rocks  in 
the  Memoirs  of  the  Geological  Survey,  Ramsay,  remarks : — 
"  It  is  a  difficult  matter  to  name  or  decide  on  the  origin  of 
''  the  the  hard  masses  that  are  associated  with  these  shales." 
He  says  it  resembles  in  some  places  the  finely  bedded  fels- 
pathic ashes  of  Carnarvonshire,  the  unsedimentary  felspathic 
mass  of  Snowdon,  and  the  felspathic  substance  that  enters 
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into  the  composition  of  lodes  near  Penmaclmo.      I  would 
yentnre  to  add  an  opinion,  the  result  of  obeervations  made 
over  an  extensive  area,  that  these  rooks  are  of  the  same  age, 
orgin,  and  character,  as  those  great  masses  of  rock  styled  bj 
Bamsay,  f elspathic  ashes,  volcanic  conglomerates,  and  con- 
temporaneons  f elstones  found  intercalated  with  the  schists 
in  a  very  large  proportion  of  the  area  of  Silurian  systeuL 
The  beds  of  hard  rocks  which  interlie  the  great  slate  veins 
of  Festiniog,  and  termed  by  the  Welsh  slate  miners  "  Ghcenitk- 
fa&n/'  are  in  many  places  identical  in  appearance  with  the 
rock-masses  now  xmder  notice,  and  there  is  probably  not  a 
rock  in  the  neighbourhood  of  Festiniog  and  the  country 
lying  some  miles  to  the  north  of  its  slate  mines,  of  which 
the   analogue  may  not  be  found  in  the  narrow  strip  of 
Silurian  rock  in  which  our  subject  occurs.     The  slates  and 
schists  also  resemble  each  other  so  closely  in  both  places  that 
those  veins  which  have  been  cut  at  a  great  depth  in  the 
mines  of    Anglesey,   would    have  furnished  a   supply  of 
excellent  roofing  slate,  but  for  the  adventitious  presence  of 
metallic  ores  which  decompose  ou  exposure  to  the  atmo- 
sphere.* 

Parya  Mountain  may,  in  fact,  be  regarded  as  an  outlying 

piece  of  ground,  geologically  identical  with  the  region  in 

which  the  great  slate  mines  of  Festiniog  occur,  and  from 

which  it  diiFcrs  only  in  being  developed  on  a  much  smaller 

scale,  and  in  being  highly  metalliferous. 

The  narrow  band  of  cognate  Silurian  rock  in  which  it  is 
situated  was  probably  deposited  at  the  bottom  of  an  ancient 
sea  contemporaneously  with  the  great  corresponding  tract  of 
Welsh  mainland,  and  the  areas  of  the  same  formation  exist- 


*  In  driving  south  some  years  ago  in  the  Mona  Mine,  a  vein  of  elate,  of 
great  width,  was  cut,  which  turned  out,  even  in  the  area  of  a  drift  of  seven 
feet  by  live,  slates  of  a  large  size,  and  of  excellent  quality  and  colour.  It  ii 
yet  a  question  how  far  this  discovery  might  be  made  profitable. 
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ing  in  Cumberland  and  North  Lancasliire,  the  Isle  of  Man, 
and  probably  the  Sonth  of  Ireland. 

The  map  of  the  Geological  Survey  gives  us  a  very  correct 
notion  of  the  geological  formation  of  the  moimtain ;  but, 
the  scale  being  small,  there  are  of  course  features  of  detail 
which  can  only  be  described  by  a  paper  devoted  specially  to 
the  subject. 

Referring,  then,  to  the  sectional  sketch  given  previously, 
I  now  propose  to  give  a  ground-plan  which  will  serve  to 
illustrate  the  disposition  of  the  rocks  on  the  surface  and  the 
general  structure  of  the  hill.     See  Fig.  2. 

As  shown  by  this  sketch  the  rock  masses  are  traversed  at 
right  angles  to  this  strata  by  two  faults  termed  by  the 
miners  the  Chreat  Cross  Course  and  the  CarregydoU  Cross 
Course.  The  latter  is  a  mere  transverse  cleft,  which  has 
had  hardly  any  effect  upon  the  relative  positions  of  the 
rocks  forming  its  sides ;  but  the  Western  or  Great  Cross 
Course  is  on  the  contrary  of  considerable  width — varying 
from  twenty  to  sixty  feet — ^it  is  filled  with  mixed  and  broken 
masses  of  the  neighbouring  rocks,  and  has  greatly  disturbed 
the  otherwise  regular  and  almost  continuous  strata. 

An  examination  of  the  two  sections  presented  by  this 
&ult,  leads  one  to  the  conclusion,  that  it  is  the  result  of  the 
vertical  force  which  produced  the  Parys  Moimtain,  and  that 
the  extensive  heave  thus  shown  was  caused  by  an  upheaval 
and  not  by  a  horizontal  movement.  This  may,  perhaps, 
be  best  illustrated  by  the  sketch  Fig.  3,  the  upper  line 
being  intended  to  represent  the  section  elevated  by  up- 
heaval, and  the  lower  the  original  level.  The  dotted 
lines  in  the  lower  section  indicate  the  northern  heave 
of  the  incUned  formation  of  which  the  elevated  section  is 
composed.  Denudation  has  removed  the  uplifted  mass  to 
such  a  degree,  that  the  surface  now  presents  only  a  gentle 
rise  at  the  Une  of  rupture,  and  the  rocks  composing  the 
western  end  of  the  detached  central  block,  owing  to  their 


862 

dip  of  45*'  have  the  appearance  of  having  been  thrown 
north  about  360  feet,  thus  indicating  a  yertical  eleyation  of 
the  same  extent. 

Excepting  the  great  vein  of  quartz  referred  to,  the  strata 
of  hard  rock  may  conveniently,  and,  as  I  believe  correctly 
be  designated  felstone.  They  vary  greatly  in  colour  and 
character  in  different  places.  In  some  places  where  they 
abut  against  the  shale,  they  are  of  a  deep  blue  colour, 
obtained  apparently  from  the  neighbouring  rock ;  in 
others  they  are  tinged  with  reddish  ferruginous  streaks, 
while  as  they  approach  the  great  quartz  vein,  they 
assume  first  a  delicate  buff  colour,  and  then  become 
gradually  whiter. 

In  the  dislocated  central  block  lying  between  the  two 
cross-courses  the  felstone  shows  signs  of  disintegration, 
which  are  not  discovered  in  other  portions  of  its  course. 

The  felstone  here  in  many  places  consists  of  a  soft  con- 
cretionary mass,  which  contains  to  so  great  an  extent  small 
nodules  of  a  conchoidal  form  that  the  miners  have  applied 
to  it  the  name  of  '*  Carreg-y-Gh-ogaUy  or  "  Shell  Stone ,''  In 
these  nodules  kernels  of  copper  pyrites — the  prevailing 
metallic  ore — occur  so  largely  that  this  ground  has  formed 
one  of  the  most  profitable  resources  of  the  mine  in  which  the 
formation  occurs. 

The  phenomena  here  presented  are  of  a  nature  to  deserve 
the  attention  of  all  geologists,  and  the  effect  which  the  dis- 
turbance appears  to  have  exercised  on  the  metalliferous  veins 
will  be  the  subject  of  remarks  which  I  propose  to  make  later 
on  in  my  paper.  I  would,  however,  beg  to  submit  to  my 
hearers  the  question  whether  the  disintegration  here  occur- 
ring is  not  of  the  same  nature  as  that  which  takes  place 
when  the  builder  takes  a  stone  from  a  quarry  and  inadvert- 
ently, or  in  ignorance  of  a  well-known  rule,  places  it  in  a 

sition  different  from  that  in  which  it  was  formed. 
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Coming  to  the  metallif  eroiis  deposits,  which,  while  render- 
ing for  a  long  period  the  small  patch  of  ground  in  which 
they  occur  one  of  the  most  profitable  in  the  world,  have  at 
the  same  time  led  to  explorations  of  great  value  from  a 
geological  point  of  yiew   I  may  briefly  explain  their  mode 
of  occurrence  to  be  as  follows :  beginning  at  the  north,  a 
large  lode  of  copper  pyrites,  associated  with  a  matrix  con- 
sisting of  quartz  and  slaty  shale,  and  known  as  the  North 
Discovery  LodCy  extended  from  a  few  fathoms  west  of  the 
Chreat  Cross  Course  to  a  distance  of  about  90  fathoms  west- 
ward.   This  orey  deposit  partook  more  of  the  character  of  a 
lode,  as  that  term  is  usually  understood  by  miners,  than  any 
other  important  formation  discovered  in  these  mines.     It 
was  well  defined,  hard  slate  rock  as  heading  and  hanging 
walls,  and  differed  from  the  other  neighbouring  so-called 
lodes  by  dipping  at  an  angle  of  60  deg.,  according  to  Mr.  C. 
B.  Dyer,  the  late  able  manager  of  the  Parys  Mine,  who 
says  that  the  orey  deposits  contained  in  the  lode  dipped  or 
shot  west  at  the  rate  of  3ft.  in  a  fathom.     It  was  also  dis- 
tinguished from  the  others  by  the  almost  entire  absence  of 
felstone  or  felspathic  rock.     This  great  lode  has  now  been 
almost  entirely  worked  away,  after  producing,  during  recent 
years,  copper  ore  to  the  value  of  close  upon,  if  not  over,  one 
million  poimds  sterling.. 

With  the  exception  of  some  small  quartzose  strings  con- 
taining copper  pyrites  and  small  streaks  of  galena  and 
blende,  which  have  not  as  yet  been  found  to  include  any 
metalliferous  deposits  of  economic  value,  the  next  lode  is  the 
one  previously  styled  the  Carregydoll  Lode,  a  name  said  to 
have  descended  from  a  date  long  anterior  to  the  present 
working  of  the  mines,  and  supposed  to  signify  the  rock  at 
which  toll  or  tribute  of  ore  was  taken  at  a  very  remote 
period. 

This  bed  of  quartz,  which  varies  from  oft.  to  60ft.  in 
width,  contains  in  some  places  ''  bunches  "  of  copper  pyrites 
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capper  or  i£  th«  pnee  to*  mMt^mAr  liigli  to  nuke  the 
wnAing  iiMiiiiiirii  riliiiiii  md  iHjxvtent  as  these 
depoots  BkT  be,  Aooe  wiiiA  oecvr  to  tiia  aootii  of  the  fel>- 
pi^t|if  bud  nov  "»«*■'•  Tii<ii)^  ami  lis  iiiiiiiiiliatfllT  betwoen 
it  and  the  shah*  aboe  marked  a  in  tbe  plan  and  aecticm,  an 
bj  £ar  the  moat  interesdn^  to  the  geofegiBt  and  the  most 
impntant  to  the  miner.  At  this  plane  of  juncture  two 
aionaaiu  excsTatioDs,  tmned  (^Mncaste,  may  be  mid  ahnoflt 
to  cnt  ihe  moaDtain  in  tiro.  Jn  the  ooorea  of  thor  lesigtb 
they  Tary  in  depth  from  18  to  23  £iihonu|,  and  foUowing 
the  strike  of  the  strata  occiqiy  a  snr&ce  area  oompated  at 
a  little  more  than  12  acres.  They  are  boonded  on  the  north 
by  the  felstone  just  now  deaeribed,  and  cat  the  soath  by  the 
band  of  ahaly  slate,  which  occurs  between  the  two  parallel 
strata  of  f  eletone.  At  this  pfoiit  occurred  the  great  body  of 
copper  ore  which  once  exerdaed  as  powerful  an  inflitenn  at 
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the  copper  market  as  that  obtained  in  the  present  day  by 
the  importations  made  from  the  mines  of  Chili  and  South 
Africa.  The  ores  were  comparatively  poor :  they  contained, 
on  an  ayerage,  not  more  than  from  five  to  six  per  cent,  of 
metallic  copper;  but,  as  there  was  not  for  the  time  a  limit  to 
the  quantity  the  mines  coiddbe  made  to  produce,  the  owners 
held  the  copper  market  almost  entirely  in  their  own  hands. 
This  is  a  condition  of  prosperity  which  has  long  passed 
away,  but  as  history  repeats  itself  eyen  in  the  case  of  mines, 
and  as  the  ore-bearing  ground  of  this  fertile  tract  has  as  yet 
been  but  partially  explored,  the  time  may  yet  arrive  when 
the  mines  will  once  more  enjoy  their  ancient  importance. 

The  metalliferous  mass  worked  here  may  be  described  as 
occurring  as  follows : — 

1.  A  bed  of  iron  pyrites  lying  on, 

2.  A  bed  of  copper  pyrites,  and  occasionally 

2.  A  huge  bed  of  an  ore  locally  known  as  Blue  Stone, 
which,  by  the  analysis  of  Mr.  C.  H.  Hills,  of  the  Amlwch 
chemical  works,  contains : — 

Lead    11  to  13  per  cent. 

Zinc 30  „  32      „ 

Iron     14  „  16       „ 

Siliceous  Qangue    .  .     16  „  18      „ 

Sulphur 24  „  26      „ 

Copper    i  „     1       „ 

with  10  to  14  ounces  per  ton  of  silver  and  2  or  3  dwts.  of 
gold.     See  Fig.  4. 

The  iron  pyrites  and  copper  pyrites  are  invariably  mixed 
with  felstone  and  quartz,  but  the  blue  stone  is  much  purer 
and  contains  only  strings  and  nodules  of  apparently  pure 
quartz.  It  is  purest  where  it  intermingles  with  the  under- 
lying shale,  when  it  occurs  as  elliptoid  wedges,  which  inter- 
change with  similar  portions  of  the  enclosing  rock.  The  bed 
of  this  mineral,  which  imderlies  the  other  ores  varies  greatly 
in  extent,  being  found,  in  one  place,  of  a  thickness  of  50  or 
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60  feet,  while  in  others  it  is  reduced  to  a  vein  of  a  few 
inches  or  even  entirely  disappears.  Yery  large  quantities 
of  it  might  be  raised,  but  the  profitable  separation  of  the 
metals  it  contains  having  so  &r  baffled  the  most  ingeniouB 
metallurgists,  the  mineral  now  remains  almost  entirely 
imwrought. 

The  beds  of  pyrites  and  blue  stone  appear  to  thin  out  as 
they  descend,   while  the  copper  ore  becomes    freer  from 
impurities,  and  consequently  richer  in  produce.     Beyerting 
to  the  elevated  central  block  lying  between  the  two  Groai 
Courses,  and  to  the  decomposition  there  occurring  in  the 
felstone,  I  would  here  introduce  a  subject  which  has  im* 
parted  to  these  mines  a  character  in  which  they  may  be  said 
ahnost  to  stand  alone.     Not  only  do  the  f elspathic  and  othv 
rocks  contained  within  its  area,  exhibit  disintegration,  but 
the  metalliferous  deposits  there  occurring  have  been  and 
are  undergoing  a  process  of  decomposition,  thus  exercising 
upon  the  mines  an  effect  which  may  be  termed  highly  import- 
ant, both  geologically  and  economically.  As  previously  stated, 
the  surface  at  this  part  has  been  excavated  to  a  considerable 
extent,  and  the  original  configuration  of  the  surface  can 
therefore  be  only  guessed  at  from  the  surrounding  edges. 
These   edges  would   lead   one   to  the  conclusion  that   the 
original  surface  consisted  of  a  ferruginous  substance  termed 
by  the  Cornish  miner  gossan,  which  in  some  places  was  an 
ochre  of  various  shades  of  yellow  and  red,  and  in  others  a 
cindery  crust  presenting   a  beautifully   iridescent   surface, 
which  contained  bands  of  the  sulphate  of  lead,  and  on  its 
exterior  well  defined  crystals  of  the  same  mineral  in  the 
form   of    Anglesite.      The  sides   of  these  open- casts   thus 
present  a  variety  of  brilliant  colours,  which  render  them  an 
object  of  singularly  gay  appearance  in  the  strong  light  of  a 
clear  day.     Going  lower  down,  we  find  the  so-called  lode 
presenting  every  appearance  of  decomposition.     The  felstone 
has  become   a  soft  mass  previously  termed  shelly,   small 
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strings  of  quartz  occurring  here  and  there  have  become  as 
porous  as  pumice  from  the  decomposition  of  the  copper  and 
iron  pyrites  they  once  contained,  the  heading  shale  has  become 
a  soft  mass  of  clay,  while  the  water  issuing  from  the  ground 
is  a  strong  solution  of  the  sulphates  of  copper  and  iron. 
The  waters  of  these  mines  contain  generally  a  considerable 
quantity  of  the  two  sulphates,  but  it  is  in  the  part  now 
referred  to  that  they  are  strongest  by  far,  and  it  is,  I  think, 
a  question  whether  the  waters  rising  here  do  not,  in 
percolating  through  other  parts,  induce  a  decomposition 
which  would  not  have  occurred  but  for  their  presence. 

The  water  is  raised  by  means  of  wooden  pumps — ^iron,  as 
will  be  readily  imderstood  being  utterly  useless  under  such 
conditions — and  when  brought  to  the  surface  it  is  stored  in 
reaervoirs  specially  prepared  for  its  reception.  Here  it 
deposits  all  the  small  particles  of  clay  and  grit  which  it 
acquires  in  its  course,  and  haying  thus  become  clear  it  is 
tapped  off  fM  required  into  the  tanks  in  which  the  precipita- 
tion of  its  copper  is  effected.  This  process  may  thus  be 
briefly  described: — 

Rectangular  tanks  are  prepared  in  brickwork,  which  have 
a  bottom  of  undulating  form.     See  Fig.  4. 

These  tanks  are  filled  with  old  iron,  consisting  of  old 
tinned  utensils,  old  cast  iron,  and  every  kind  of  scrap,  and 
the  cupreous  water  is  allowed  to  flow  first  into  the  head 
"  pit,*'  and  from  it  continuously  through  a  series  which  is 
lenghtened  or  shortened  as  f  oimd  necessary  with  the  varying 
strength  of  the  water  passing  through.  Four  times  a  year 
the  precipitate  thus  obtained  is  collected  in  the  following 
maI^ler  :  The  water  is  first  drawn  off,  all  the  iron  is  then 
placed  upon  the  ''backs"  of  the  wavy  bottom,  and  the 
copper  attached  to  it  is  washed  away  by  throwing  violently 
against  it  by  means  of  scoops  the  water  still  remaining  in  the 
hollows.  This  process  accomplished,  the  precipitate  is 
allowed  to   subside,   and  the  clear  water  is  drawn  off  by 
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taking  ont  plugs  (shown  in  the  section)  placed  in  the  middle 
of  each  trough.  The  precipitate  is  then  carried  in  casks  to 
a  pit  where  it  gradually  acquires  the  consistency  of  soft 
mud,  and  is  then  taken  to  a  reyerberatory  furnace  where  it 
is  dried  and  made  ready  for  smelting. 

The  water  thus  treated  flows  afterwards  into  large  re6e^ 
Yoirs,  some  of  which  have  an  area  of  seyeral  acres,  and 
there  by  a  natural  process,  familiar  to  chemists,  deposits  a 
sediment  of  sub-persulphate  of  iron,  known  commercially  as 
precipitated  yellow  ochre.     Some  thousands  of  tons  of  Hub 
article  are    annually  sold.     It  is  used  largely  as  a  gas- 
purifying  material,  and  considerable  quantities  are  calcined 
for  the  production  of   the  various  iron  oxide  paints  and 
Venetian  red.      These  mineral  waters  must  have  issued  from 
the    ground    for    a    very  long  period,   for  South  of  the 
mountain  there  is  an  extensive  peaty  tract,  many  portions 
of    which   are  cupreous,   while   others   contain    so    much 
ochre    as  to    produce    excellent    gas-purifying    material. 
When  the  price  of  copper  was  high,   the   cupreous  peat 
was  burnt  on  a   large  scale,  and  the  ashes  thus  obtained, 
containing  from  2  per  cent,  to  4  per  cent,  of  metallic  copper 
were  smelted  with  the  other  ores  of  the  mine. 

The  streams  of  water  proceeding  from  the  mines  are  of  a 
deep  port  wine  colour  when  first  pumped  out,  they  gradually 
become  lighter  in  colour  as  they  deposit  the  ochre  ;  but  even 
where  they  enter  the  sea,  they  impart  to  it  a  yellow  tinge, 
which  sometimes  stretches  out  a  mile  or  more  into  the 
channel. 

In  former  times  the  copper  ores  raised  at  the  mines  were 
calcined  in  huge  heaps  upon  the  mountain,  the  sulphur  thus 
expelled  being  saved  in  long  brick  chambers,  termed 
"  receivers,"  and  afterwards  sold.  This  mode  of  calcination 
was  exceedingly  cheap — no  fuel  being  used — ^but  it  was  very 
slow,  and  necessitated  the  holding  of  large  stocks,  and  it  has 
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iow  for  some  years  been  discontinned  as  unprofitable,*  the 
mlphur  the  ores  contain  being  used  in  the  manufacture  of 
ulphuric  acid  by  the  Messrs.  Hills,  whose  chemical  works 
ire  at  the  neighbouring  port. 

The  ores  raised  here  were  formerly  smelted  into  fine 
»pper,  of  which  from  500  to  800  tons  were  annually  sent 
iway,  but  the  increasing  price  of  coal,  and  the  enhanced 
ralue  of  labour,  rendered  it  necessary  a  few  years  ago  to 
imit  the  smelting  operations  to  the  making  of  regulus  only. 

Having  thus  given  a  general  description  of  the  mines  and 
;he  operations  therein  conducted,  I  would,  as  my  paper 
Iraws  towards  its  close,  turn  once  more  to  the  remarks  made 
ipon  the  petrological  structure  of  the  hill,  and  beg  leave, 
i^th  ima£Pected  hesitation,  to  submit  to  you  a  theory,  as  to 
ts  formation,  which  has  been  forced  upon  my  mind  by  years 
>f  daily  observations  made  in  the  mines  both  imderground 
ind  at  the  surface.  I  have  long  been  convinced  that  the 
Eelstones  are  not  intrusive  and  do  not  owe  their  present 
brm  to  igneous  agencies.  How  then,  it  may  be  asked,  is 
iheir  presence  to  be  explained  P  The  limit  to  which  this 
paper  is  of  necessity  confined  precludes  a  lengthy  statement 
if  my  viewsy  and  I  fear  I  may,  for  that  reason,  lay  myself 
>pen  to  the  charge  of  asserting  dogmatically,  but  can  assure 
iron  that,  were  the  matter  to  become  the  subject  of  compre- 
lensive  discussion  and  argument,  I  think  I  could  adduce 
Eacts  which  woidd  be  admitted  go  far  to  uphold  my  theory, 
f  not  to  prove  it  completely. 

The  f elstone,  the  quartz,  the  slate,  and  the  metalliferous 
leposits  are  beds  or  veins  formed  by  segregation.  Their 
lifltory  may  thus  perhaps  be  correctly  stated. 

A  sediment  was  deposited  at  the  bottom  of  a  Silurian  sea, 
into  which  flowed  a  stream  of  water  containing,  like  that  now 

*inke  Bulphur  escaping  from  this  operation  caused  the  sterility  of  the  hill 
Qotiotd  in  the  opening  part  of  my  paper.  The  vegetation  it  once  bore  was 
10  oomplfltely  eradicated  by  the  fumes  that  it  shows  hardly  any  signs  of  re- 
covenng  its  former  traditional  clothing  of  pasture,  gorse,  or  heather. 
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sulphates  became  converted  info  fiiilphide-s  in  the  presence  of 
devftving  organic  matter,  and  the  whole  mass  became  solidified 
in  the  form  of  horizontal  Btrsta  of  the  same  nature  proh&bly 
as  the  Eupfer  Schiefer  or  copper  slate  now  worked  in 
Qermany. 

Another  operation,  arising  from  the  mutual  attraction  d 
particles  of  the  wune  mineral  for  each  other,  now  began, 
which  ultimately  brought  together  the  varions  Bubstancw 
previously  distributed  generally  throughout  the  ntuL 
Hence  arises  the  uniform  regularity  of  the  strata  in  strike, 
dip,  form  and  order  of  succession,  a  regularity  which  is  no 
leas  characteristic  of  them  than  of  the  far  larger  analogous 
masses  occurring  in  Gamarvonahire  and  Merionethshire,  and 
which  may  possibly  receive  an  explanation  by  our  electriciani 
The  only  difference  is  that  in  the  corresponding  felspatliic 
rocksof  Carnarvon  and  ilorioneth,  metallic  ores  are  but  rarely 
found,  and  arcnever  more  than  mere  valueless  strings.  If  this 
theory  is  correct,  these  great  rock  masses  should  no  longer  be 
termed  igneous,  and  ought  instead  to  be  designated  huge  segr^ 
gated  strata.  I  am  well  aware  that  in  framing  this  theory  I 
am  running  counter  to  the  views  of  our  moat  eminent  geolog- 
ists, and  having  a  full  appreciation  of  the  importance  of  tlie 
question,  nothing  but  a  conviction  of  the  soundness  of  the 
views  enunciated  would  have  induced  me  to  lay  them  befon 
you.  I  hope  the  remarks  I  have  made  may  be  the  means  of 
drawing  to  the  subject  the  attention  of  more  skilful 
geologists  than  myself,  and  thus,  as  I  confidently  expect, 
hasten  the  day  when  the  terms  igneous,  volcanic,  and  intrusTe 
'  shall  cease  to  be  applied  to  a  single  rock  mass  in  the  Silurian 
and  Cambrian  formations  of  Wales. 


Mr.  Evans  said  it  was  almost  impossible  that  a  enbject 
which  was  merely  of  local  interest  should  attract  mucb 
atteDtion  among  a  Society  of  geologists  in  Manchester;  but 
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lere  was  one  matter  which  he  had  referred  to — ^the  theory 
hich  he  enunciated  in  the  concluding  part  of  his  paper — 
pen  which  he  would  be  yery  glad  to  hear  the  opinion 
I  any  geologists  present  who  might  know  anything  of 
le  subject.  He  had  studied  it  yery  closely  for  a  long 
me,  and  if  he  was  right — he  spoke  yery  humbly — ^he 
lought  that  theory  would  exercise  a  yery  great  influence 
ideed  upon  the  future  of  geological  science. 

The  President  said  that  a  few  years  ago  it  was,  he 
lought,  much  more  commonly  held  than  at  the  present 
me,  that  many  of  those  rocks  were  due  to  igneous 
stion.  The  Germans  were,  perhaps,  the  first  who  took  the 
ppoedte  yiew,  and  a  great  number  of  British  geologists  had 
allowed.  Many  of  the  so-called  igneous  rocks  imdergo  such 
change  upon  being  subjected  to  heat  that  he  neyer  could 
imself  tmderstand  how  they  could  be  reconciled  as  being 
ae  to  the  action  of  fire.     For  instance,  the  peroxide  of  iron 

non-magnetic,  but  immediately  on  being  exposed  to  a  yery 
loderate  heat  it  becomes  a  magnetic  ore.  There  were  many 
^er  similar  tests  which  would  show  that  the  action  of  fire  had 
eyer  operated  upon  these  ores  or  rocks.  In  a  paper  like 
[r.  Eyans's  it  was  possible  only  to  lay  hold  upon  one  or  two 
oints,  as  they  were  read ;  but  he  had  been  struck  with  the 
ratification  in  the  yein,  the  iron  pyrites  being  on  the  top, 
len  the  copper  lying  underneath,  and  the  bluestone,  which 
ad  been  described,  below  all.  He  did  not  know  whether  Mr. 
lyans  could  giye  any  explanation  of  that — ^whether  it  was 
ue  to  specific  grayity  or  any  other  cause ;  but,  perhaps, 
aying  seen  the  ore  in  situ,  he  might  haye  come  to  some 
inclusion  upon  it.  It  also  seemed  to  be  yery  regretable 
[lat  such  a  large  mass  of  ore  as  that  described — ^the  blue- 
tone — should  remain  practically  unworked,  on  account  of 
he  specific  grayity  of  the  different  minerals  of  which  it  is 
omposed  being  such  as  to  interfere  with  the  separation  of 
!nnn  each  other.     It  was  many  years  ago  since,  at  mines  in 
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Belgimn,  he  had  seen  a  Bunilar  ndztme  of  om^  whan  tta 
ordinary  water  process  failedy  sepanted  hy  meant  of  air. 
They  had  a  long  pipe,  small  at  one  end  and  gmdnalfy 
increasing  in  diameter ;  and  when  a  onzrent  ol  air  wu 
passed  through  thia  the  veloeity  of  ooniae  daoreaaed  ai  tfas 
air  got  into  the  wider  part,  the  effiaot  being  that  some  of  the 
ore,  which  was  finely  powdeied,  fell  in  the  stronger  onmol^ 
whilst  the  lighter  was  carried  farther  by  the  dower  oimeni 

Mr.  Martin  suggested  that  when  Mr.  Evana'a  paper  was 
printed  the  members  shouldhaTe  an  opportanitj,  at  a  fntiue 
meeting,  of  giving  their  views  upon  it 

Mr.  Evans  said,  with  regazd  to  the  order  of  aequenee  of 
the  copper  pyrites  and  blue  stone,  he  had  merely  to  state 
that  such  was  the  order.  What  the  law  mig^t  be  wfaioh 
was  involved  in  it,  he  was  utteriy  unabk  to  ^^^^^^  but  it 
was  probably  the  same  law  whioh  had  ananged  the  ordBr  of 
sequence  of  the  non-metallifarous  mineral  names  with  whisli 
they  were  associated.  It  ooonrred  not  only  in  the  Flaija 
Mountain,  but  could  be  found  existing  uniformly  throughout 
nearly  the  whole  of  North  Wales.  Then  as  regarded  the 
nearly  the  whole  of  North  Wales.  Then,  as  regarded  the 
treatment  of  the  blue  stone,  he  quite  agreed  with  t^e  Chair- 
man that  it  was  very  much  to  be  regretted  that  no  process 
had  yet  been  invented  for  treating  that  mineral  successfully, 
but  ho  could  at  the  same  time  assure  the  meeting  that  it  had 
received  the  attention  of  very  competent  metallurgists.  The 
separation  of  the  mineral  it  contained  had  been  tried 
mechanically  in  an  infinite  number  of  ways,  also  chemi- 
cally by  a  variety  of  processes,  but  so  far  it  had  never 
proved  successful — ^at  least  never  profitable,  except  when  the 
price  of  zinc  had  been  exceedingly  high,  and  the  spelter 
obtained  had  paid  for  extrtiction.  Seeing  that  the  mineral 
was  worth  no  less  than  £5  to  £7  per  ton,  according  to  the 
varying  markets,  it  was,  as  the  Chairman  observed,  very 
much  to  be  regretted  that  it  could  not  be  profitably  treated 
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Belgium,  lie  had  seen  a  similar  mixture  of  ores,  when  the 
ordinary  water  process  failed,  separated  bj  means  of  air. 
They  had  a  long  pipe,  small  at  one  end  and  gradually 
increasing  in  diameter ;  and  when  a  current  of  air  was 
passed  through  this  the  Telocity  of  course  decreased  as  the 
air  got  into  the  wider  part,  the  effect  being  that  some  of  the 
ore,  which  was  finely  powdered,  fell  in  the  stronger  current, 
whilst  the  lighter  was  carried  further  by  the  slower  current 

Mr.  Martin  suggested  that  when  Mr.  Eyans's  paper  was 
printed  the  members  should  have  an  opportunity,  at  a  future 
meeting,  of  giving  their  views  upon  it. 

Mr.  Evans  said,  with  regard  to  the  order  of  sequence  of 
the  copper  pyrites  and  blue  stone,  he  had  merely  to  state 
that  such  was  the  order.  What  the  law  might  be  which 
was  involved  in  it,  he  was  utterly  unable  to  ezplainy  but  it 
was  probably  the  same  law  which  had  arranged  the  order  of 
sequence  of  the  non-metaUiferous  mineral  names  with  which 
they  were  associated.  It  occurred  not  only  in  the  Paiys 
Mountain,  but  could  be  found  existing  uniformly  throughout 
nearly  the  whole  of  North  Wales.  Then  as  regarded  the 
nearly  the  whole  of  North  Wales.  Then,  as  regarded  the 
treatment  of  the  blue  stone,  he  quite  agreed  with  the  Chair- 
man that  it  was  very  much  to  be  regretted  that  no  process 
had  yet  been  invented  for  treating  that  mineral  successfully, 
but  he  could  at  the  same  time  assure  the  meeting  that  it  had 
received  the  attention  of  very  competent  metallurgists.  The 
separation  of  the  mineral  it  contained  had  boon  tried 
mechanically  in  an  infinite  number  of  ways,  also  chemi- 
cally by  a  variety  of  processes,  but  so  far  it  had  never 
proved  successful — at  least  never  profitable,  except  when  the 
price  of  zinc  had  been  exceedingly  high,  and  the  spelter 
obtained  had  paid  for  extraction.  Seeing  that  the  mineral 
was  worth  no  less  than  £5  to  £7  per  ton,  according  to  the 
varying  markets,  it  was,  as  the  Chairman  observed,  verv 
much  to  be  regretted  that  it  could  not  be  profitably  treated 
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MANCHESTER    GEOLOGICAL   SOCIETY. 


Paut  XVni.  Vol.  XIY.  Sessiok  1877-8. 


At  the  Ordinary  Meeting  of  the  Members  of  the  Society, 
held  on  Tuesday,  the  29th  January,  1878,  in  the  Literary  and 
Philosophical  Society's  Booms,  George  Street,  Manchester ; 

Joseph  Dickinson,  Esq.,  F.G.S.,  President, 

in  the  Chair. 

The  undermentioned  gentlemen  were  elected  Ordinary 
members  of  the  Society,  Mr.  T.  F.  Evans,  Mona  Lodge, 
Amlwch,  Anglesey ;  Mr.  H.  T.  Cowburn,  West  Leigh ; 
and  Mr.  Samuel  Ogdcn,  Wemeth  House,  Oldham. 


PEBBLES  FROM  THE  COAL. 


Mr.  W.  J.  Grbishaw,  F.G.S.,  exhibited  a  rounded  pebble 
from  the  upper  bed  of  the  Three-yards  coal  at  Radcliffe.  It 
was,  he  stated,  found  pretty  nearly  in  the  centre  of  the  seam ; 
and  no  other  specimens  of  the  same  description  had  been 
found  in  that  seam  to  his  knowledge. 

The  President:  Specimens  of  the  same  kind  of  stone 
were  brought  before  the  Society  some  years  ago  from  the 
Roger  Mine,  at  Dukinfield ;  and  also  one,  I  thinks  from  the 
Black  Mine,  at  Oldham ;  and  one  or  two  from  the  Trenchei* 


Bone  Mine,  at  Kearsley.  But  this,  I  beKeve,  is  the  first  we 
have  had  from  the  three-yard  coal  at  Kadcliffe.  I  con- 
sidered them  siliceous  aggregations  when  I  brought  them 
from  the  Roger  Mine,  some  years  ago. 

Mr.  Grimshaw  :    We  have  found  them  in  other  mines, 
but  usually  five  or  six  together. 


In  the  year  1873  or  '74  a  &re  took  place  at  a  colliery  in 
Staffordshire,  and  in  order  to  put  it  out,  the  wat^r  from 
an  adjoining  stream  was  turned  into  the  pit.     On  a  sub- 
sequent examination  of  the  place  where   the    water  met 
the  fire,  in  the  shaft  level,  circular  holes  were  found  scooped 
out  in  the  floor.     These  holes  were  filled  with  fragments  of 
coal  which  had  been  angular,  but  were  now  rounded,  as  if 
by  some  circular  motion — that  motion  probably  having  been 
induced  by  the  contact  of  the  fire  with  the  water.     A  speci- 
men of  the  coal  was  exhibited,  roimded  as  described.     The 
bottoms  of  the  holes,  which,  in  some  cases  18  inches  deep, 
were  filled  with  small  rounded  fragments  of  that  kind,  and 
(hovered  with  larger  pieces  rounded  in  a  similar  way. 

A  paper  was  read  "  OX  TJIK  OCCUKRENCK  OF 
BPJNK  IX  TlIK  Xi:W  llEJJ  SAXDSTOXE  STRATA 
AT  WARRIXGTOX,"  byProfe.ssor  Edward  Hull,  F.R.S. 


1U)RINCt   shafts,   &c.,   IX.  WESTPHALIAi 

^Ir.  J.  S.  Martin,  E.G.S.,  read  the  following  paper 
communicated  b}-  Mons.  A.  Demmler,  Ingenieur,  86,  Rue 
de  rUniversile,  Paris  : — 

All  persons  connected  with  mining  are  well  aware  that  one 
of  the  most  difficult  operations  connected  therewith  is  sinking 
pits  through  heavy  feeders  of  water.     The  great  facility  witi 
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which  bore  holes  were  put  down  to  great  depths  and  cased,  long 
ago  induced  intelligent  miners  to  endeavour  to  bore  holes  of 
diameter  large  enough  for  their  employment  as  shafts.  MM. 
Eihdermann  &  Honigmann,  Mining  Engineers,  of  West- 
phalia, were  the  first  to  give  the  project  a  practical  trial. 
They  bored  several  holes  of  about  6  feet  diameter,  but  did 
not  succeed  in  rendering  water-tight  the  sheet-iron  tubbing 
which  they  employed.  About  30  years  ago,  M.  Mulct,  a  well- 
known  Prench  Mining  Engineer,  bored  a  pit  of  11  feet 
diameter  in  the  Pas  de  Calais  district.  He  employed  wooden 
tubbing,  but  also  failed  to  render  it  water-tight.  M.  Kind, 
a  celebrated  Boring  Engineer  from  Saxony,  was  the  first 
person  who  succeeded  in  boring  and  tubbing  a  shaft  without 
pumping.  The  shaft  in  question  was  put  down  in  1849  at 
Schonecken,  a  small  village  in  the  (then)  French  depart- 
ment de  la  Moselle.  The  tubbing  which  he  used  was  very 
imperfect.  It  consisted  of  wooden  pipes,  hooped  with  iron 
at  the  top  and  bottom  of  each  length.  The  diameter  of 
these  pipes  was  lift.  Gin.  inside,  and  each  length  was  about 
10ft.  The  ends  of  the  pipes  were  turned  in  a  lathe,  and  the 
lengths  were  simply  laid  on  the  top  of  each  other,  without  any 
connection  at  the  joints  beyond  the  fitting  of  the  turned 
ends.  The  space  behind  this  primitive  tubbing  was  filled 
up  with  cement,  after  the  tubbing  had  been  lowered  to  the 
bottom.  However,  the  pit  could  not  be  sunk  through  the 
coal  measures,  as  the  tubbing  could  not  be  maintained  water- 
tight. The  same  system  was  employed  unsuccessfully  in  the 
sinking  of  No.  1  pit  Dahlbusch  Colliery,  Westphalia,  which 
was  stopped  several  years  while  the  tubbing  was  repaired.  It 
still  remained  very  wet,  and  this  system  could  hardly  be 
considered  satisfactory.  M.  Kind  entered  into  partnership 
with  M.  Chaudron,  Inspector  of  Mines  in  Belgiimi,  and 
between  them  such  improvements  were  introduced  as 
rendered  the  system  practically  useful.     The  principal  im- 


jnroVemanti  oonsut^  in  the  substitution  of  iron  in  place 
wood  tabbmg,   and  in  closing  the  bottom  of  the  former 
femporarily,  thus  roudoring  the  lowering  muuli  more  easr, 
TVom  fliat  time  ODiiiiv  pits  were  sunk  in  France,  Belgium, 
and  Gtennany,  by  1!il>  ICiad-Gbuudrou  system.     Tbe  method 
had,  however,  Berei-ul  inconveniences.     The  pit  could  notbf 
bored  its  fnll  dibmotoi-  ui  one  operation,  because  between 
two  stnJces  of  the  chisel,  the  breadth  of  tbe  stone  remaining 
was  too  greet  on  the  circumference,  and  too  narrow  towardf 
tiie  centre  ofthepit.    Suppose  that  theangleof  twostrokesi*' 
8iiohthatthebpaadlh'',(FiK,l.Platel.)issufficient  for  breaking 
the  ground  in  the  middle  of  the  radius  ;  then  at  tbe  end  of  the 
radinfl  the  hroadth  {2n)  is  doubled,  and  the  chisel,  being  in  a 
straight  line,  iflreq^uited  to  remain  very  steady  when  delivering 
a  blow,  otherwise  the  shaft  might  de^^ate  from  the  [terpen- 
dionlar.    ^Hiis  happened  at  several  pits,  tbe  deviation  being  in 
sraie  oases  as  mnoh  as  I'Jin.   Struck  by  thc^  and  other  defects, 
an  experienced  French  boring  contractor,  M.  E,  Ltppmaon, 
partner  in  tbe  firm  of  E.  Lippmann  &  Ck).,  devised  several 
improveraenta  of  the  system,     A  favourable  opportunity  of 
submitting  bis  improved  methods  to  a  fair  trial  soon  offered. 
Tbe  Gelsenkirchen  Coal  Mining  Company,  Westphalia,  in- 
tending to  sink  tbe  No.  2  pit  at  their  Rhine  Elbe  Colliery, 
tbe  writer  of  this  paper,  who  was  then  general  manager  for 
the  Company,   contracted  with  MM.  E,  Lippmann  &  Co. 
for  the  execution  of  that  work.    No.  1  pit  had  been  sunk  by 
an  English  contractor  and  English   sinkere    under   great 
difficulties,  in  consequence  of  the  large  quantity  of  water 
which  bad  had  to  be  contended  with.    In  Westphalia  tbe  coal 
measures  are  overlaid  by  marl  strata,  tbe  thickness  of  which 
was  340ft.  in  No.  1  pit.     The  amount  of  water  pumped  to  s 
depth  of  2o0ft.  was  nearly  9000  galls,  per  minute;    one 
feeder  alone  amounting  to  3500  galls.   Very  powerful  pomps 
(32in.  diameter  X  10ft.  stroke)  were  employed,  still  it  wu 
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barely  possible  to  sink  through  the  marl.  By  dint  of  per- 
seTerance  and  at  considerable  cost,  the  greater  part  of  the 
feeders  were  tabbed  off  and  the  leakage  reduced  to  50  galls, 
per  minute.  The  pit  was  in  course  of  sinking  to  the  coal 
measures,  three  years  (1857-61),  and  cost  to  that  depth 
aboye  £100,000.  No.  2  pit  was  intended  to  be  sunk  at  a 
distance  of  40  yards  from  No.  1,  through  the  same  strata, 
and  consequently  the  same  feeders  would  require  to  be  dealt 
with.  The  writer  accordingly  resolved  to  bore  the  pit  down 
without  pumping,  and,  as  before  mentioned,  confided  the 
work  to  M.M.  Lippmann.  The  apparatus  employed  by 
these  gentlemen  may  be  classed  imder  two  heads  : — 

1st. — Boring  Apparatus. 
2nd. — ^Tubbing  Apparatus. 

The  Boring  Apparatus  comprises  the  following  parts  : — 

1.  a.  Boring  trestle  or  pulley  frame  and  shed. 

2.  b.   Beam  and  moving  gear.      (Figs.  2  and  3,  Plate  1.) 

3.  c.   Hoisting  crab  and  steam  engine,    i 

4.  (L   Drill  or  chisel  and  fall  apparatus.     (Plate  2.) 

5.  c.   Sludge  pump  or  mud  cistern.     (Plate  3.) 

6.  t\   Boring  rods  and  tools. 

The  Tubbing  Apparatus  comprises  : — 

7.  g.  Cast-iron  tubbing  with  moss  or  stuffing  box,  tem- 
porary bottom,  bolts,  and  weezes  or  sheeting.     (Plate  4.) 

8.  //.    Lowering  apparatus. 

9.  t.  Apparatus  for  filling  space  behind  tubbing  with 
mortar. 

A  brief  description  of  these  parts  will  be  necessary. 

1.  Pulley  Fratm  and  Shed, — ^ITiis  consists  of  a  strong 
eight-legged  frame  of  fir  wood,  with  oak  sills  and  puUey- 
balks.  The  pulley,  6ft.  Gin.  diameter,  is  made  of  cast-iron,  and 
is  very  strong.  It  is  chain  grooved,  and  the  chain  of  the 
hoisting  crab  passes  over  it.  About  38ft.  above  ground  two 
strong  sleepers,  bolted  on  the  inner  legs  of  the  frame  at  right 
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angles  to  the  direction  of  the  boring  beam,  carry  rails  on 
which  a  waggon  with  18in.  diameter  wheels  runs.    This 
waggon  may  be  easily  mo7ed  in  either  direction  by  means 
of  two  small  crabs  (or  winches).     The  drill  is  drawn  from 
over  the  pit  when  not  in  use,  on  this  wagon.     The  pivot 
chair  of  the  boring  beam  is  fixed  on  a  strong  oak  sleeper 
about  14ft.  Gin.  from  the  surface.  This  sleeper  isalso  supported 
by  a  strong  trestle.     At  25ft.   from  the  surface  a  light 
platform  is  fixed  on  one  side  of  the  frame,  to  enable  a  man 
to  take  hold  of  the  boring  rods  when  being  screwed  on  to  or 
off  the  boring  gear.     These  rods  rest  against  the  side  of 
the  frame  when  not  in  use.     The  pit  mouth  is  covered  by 
two  strong  scaffolds  running  on  iron  rails.     When  over  the 
pit  only  a  round  hole,  7in.  diameter,  to  allow  the  boring  rods 
to  pass  through,  remains.     This  hole,  of  course,  is  in  the 
centre  of  the  pit.     The  scafiblds  are  kept  in   position  by 
snatch-hooks.     In  case  it  is  necessary  to   uncover  tie  pit, 
two    trap    doors,    lying     on     either    side     of    the    twin 
scafiblds,  require  raising,  and  the  snatch-hooks  being  lifted 
the  scaffolds  may  be  rolled  aside  at  right  angles  to   the 
boring  beam,  and  then  secured.     The  top  of  the  scaffolds  is 
perfectly  level  with  tlie  floor  of  the  boring  slied  and  the 
ground  surface.     Rails  fastened  on  the  scaffolds,  when  the 
pit  mouth  is  closed,  correspond  with  a  line  of  railroad  laiJ 
to  where  the  mud  cistern  is  to  be  empti^^d.     This  cistern  is 
brought  on  a  strong  truck  just  over  the  pit  mouth.    The 
shed    is   a   slight   construction   of  fir   timber    and    deals, 
enclosing  the  engine  and  crabs. 

2.  Boring  Beam  and  Moving  Gear, — The  beam  consists  of  a 
strong  oak  balk,  strengthened  with  iron  plates  and  stretchers. 
(Fig.  2,  Plate  1 .)  At  about  one  third  of  its  length  it  rests  on  an 
iron  axle,  moving  in  a  double  pivot  chair,  to  enable  the  beam 
to  be  moved  aside,  and  uncover  the  pit  mouth  when  needed. 
The  shorter  length  of  the  beam  is  towards  the  pit,  and  the 
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other  towards  the  crabs  and  engine,  being  connected  with 
moYing  gear  by  an  iron  connecting  rod.  A  short  rod  and 
chain,  attached  to  the  extreme  end  of  the  longer  lever, 
connects  the  beam  to  another  strong  balance  beam  of  oak, 
moving  on  an  axle  fixed  at  its  extreme  end,  and  loaded  with 
cast  iron  weights  so  as  to  balance  part  of  the  weight  of  the 
boring  apparatus.  The  effect  to  be  exercised  by  the  moving 
gear  (Fig.  3,  Plate  1.)  is  by  this  means  much  lessened.  At 
the  end  of  the  shorter  lever  of  the  boring  beam,  the  swivel 
and  the  lengthening  screw  suspending  the  boring  apparatus 
are  hung  by  two  strong  chains  exactly  over  the  centre  of  the 
pit.  The  moving  gear  is  simply  a  crab,  consisting  of  two  iron 
axles,  connected  by  strong  cog  wheels,  and  revolving  in 
pedestals  fixed  to  oak  sleepers.  Outside  the  pedestal  one  of 
the  axles  carries  a  disc  crank  containing  several  holes,  allow- 
ing the  crank  pin  to  be  fixed  at  various  distances  from  the 
centre,  thus  changing  the  length  of  stroke.  In  addition  to 
the  pinion  wheel  the  other  axle  carries  a  fly  wheel,  and,  out- 
side the  pedestal,  a  chain  pulley  to  connect  the  moving  gear 
with  the  steam  engine  by  means  of  an  endless  chain. 

3.  Hoisting  Crab  and  Steam  Engine. — The  crab  is  fitted 
upon  oak  sleepers,  firmly  bolted  on  brick  foimdation  pillars, 
between  which  the  balance  lever  moves  up  and  down  below 
the  surface  level.  The  drum  of  the  crab  is  made  of  cast-iron, 
and  it  is  fitted  with  a  spiral  chain  groove.  A  strong  cast-iron 
wheel  is  fixed  on  the  axle,  and  is  driven  by  a  pinion  carried 
on  the  engine  shaft.  This  is  not  keyed  fast,  but  is  secured  by 
gearing  allowing  the  pinion  and  axle  to  be  disconnected  by 
means  of  a  lever.  (Fig.  4,  Plate  1.)  The  engine  shaft 
carries  a  chain  pulley  to  drive  the  moving  gear,  as  before 
mentioned.  This  pulley  is  also  fitted  with  disconnecting 
gear.  These  arrangements  allow  the  engine  to  drive  either 
the  hoisting  crab  or  the  moving  gear.  By  means  of  a 
strong  break  any  weight  may  be  lowered  without  steam  being 


380 

turned  on.  The  engine  is  a  single  horizontal  cylinder  of  30 
to  40  horse  power,  with  light  fly  wheel  and  reversing  gear. 
To  gain  power,  the  crab  chain  is  doubled  up  over  the  pit, 
and  an  intermediate  block  pulley  used«  The  chain  links  are 
2|in.  diameter. 

4.   Drills  or  Chisel^  and  Self -acting  Fall  Apparatus  (FreiM, 
Plate  2.)  are  entirely  made  of  best  wrought  iron  and  cast  steeL 

The  drill  is  made  in  three  parts,  viz. : —  (Figs.  6,  7,  8, 9, 
and  10,  Plate  1.) 

The  blade  holder, 

The  drill  holder  or  tree, 

The  blades. 

The  blade  holder  is  made  of  very  strong  forged  iron 
worked  into  the  shape  of  a  double  Y.  Its  greatest  lei^;th 
is  about  Gin.  less  than  the  contemplated  diameter  of  the  pit. 
The  diameter  of  Rhine  Elbe,  No.  2  pit,  was  14ft.  2in.,  and 
the  greatest  length  of  the  blade  holder  was  13ft.  Sin.  The 
section  of  the  blade  holder  is  rectangular,  and  a  groove  is 
planed  out  in  the  lower  side,  into  which  the  steel  blades  are 
fastened  by  means  of  side  keys  driven  through  holder  and 
blades.  Notches  (five  in  number)  forged  on  the  upper  side  of 
the  blade  holder  serve  to  secure  it  to  the  drill  holder.  The 
drill  holder  consists  of  five  wrought  iron  branches,  which 
merge  into  one  at  the  top.  The  section  of  the  lower 
branches  is  square,  and  the  end  of  the  single  branch  is 
turned  in  the  lathe,  and  at  the  top  of  it  a  round  steel 
knob  is  keyed  in  a  hole  bored  for  the  pui'pose.  A  large 
rectangular  hole  is  cut  through  the  tree  below  the  cylindrical 
part,  and  an  iron  plate  about  13ft.  long  is  secured  therein, 
to  guide  the  drill  while  working  or  being  lowered.  Ten  cast 
steel  cutters,  carefully  planed,  sharpened,  and  tempered,  are 
keyed  on  to  the  blade  holder.  They  are  rectangular  in  cross 
section,  and  the  edges  are  triangular.  The  section  of  the 
cutters  is  not  identical  for  all.  The  four  outside  blades 
scoop  out  the  pit  sides,  and  have  an  edge  similar  to  an  adze. 
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The  next  four  outside  blades  are  rectangular,  while  the  two 
blades  on  the  central  branch  of  the  bearer  are  slightly 
curved  and  arranged  to  cut  about  Sin.  deeper  than  the  rest,  to 
provide  a  sump  in  the  centre  of  the  pit.  The  wear  of  the 
blades  was  but  slight  during  the  operations  at  No.  2  pit,  and 
bluntness  did  not  retard  sinking.  Each  blade  is  secured  by  two 
sets  of  double  keys.  The  edge  of  the  blades,  when  fastened^ 
forms  the  figure  of  a  double  Y.  This  form  has  been  chosen 
for  the  following  reasons. 

If  the  general  form  of  boring  chisel  (a  straight  line)  had 
been  adopted,  the  stone  remaining  in  the  pit  bottom,  between 
each  stroke  would  have  been  triangular  in  form  (Fig.  11, 
plate  1),  and,  with  a  very  small  angle  between  the  radii 
of  the  strokes,  the  thickness  would  be  much  increased  at 
the  full  length  of  the  radius,  and  the  bulk  remaining 
between  the  grooves  would  take  a  considerable  time  to 
clear.  This  is  the  reason  why  MM.  Kind  &  Chaudron, 
who  use  a  drill  with  a  straight  edge,  are  obliged  to  bore 
first  an  inner  pit  of  small  diameter,  and  then  widen  it  out 
with  larger  drills.  If  we  sketch  the  grooves  cut  into 
the  pit  bottom  by  Lippmann  &  Co.'s  drill,  it  will  be  seen 
(Fig.  12,  plate  1)  that  the  stone  is  cut  into  a  nimiber  of 
small  lozenges  and  triangles,  thereby  being  reduced  to  the 
consistency  of  mud.  Another  reason  for  the  choice  of  the 
double  Y  form  is,  that  the  blades,  if  placed  in  a  single  straight 
line,  slip  and  slide  when  the  strata  is  of  unequal  hardness, 
which  would  easily  make  the  pit  crooked.  The  chisel  with 
edge  of  double  Y  form,  has  a  broad  basis,  and  being  guided 
at  the  top  of  the  drill,  and  falling  freely  at  every  stroke, 
without  any  connection  between  it  and  the  bore  rods  con- 
tinuing, must  remain  pliunb.  The  free-fall  apparatus  is 
difficult  to  explain  in  detail.  Some  idea  of  the  arrange- 
ment may  be  obtained  from  the  following  rough  description. 
The  top  part  of  the  drill  slides  in  an  iron  cylinder,  and  a 
key  through  the  top  of  it  projects  on  each  side,  and  work& 
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in  slits  cut  in  the  cylinder,  thus  preventing  the  drill  from 
falling  out  of  the  cylinder.     The  bore  rods  are  screwed  on 
to  the  top  of  the  cylinder.     Two  spring  hooks  inside  the 
cylinder  take  hold  of  the  steel  knob  on  the  top  of  the  drill, 
Bnd  when  the  cylinder  has  slid  to  the  bottom  of  the  cylindrical 
portion  of  the  drill,  a  heavy  iron  ring  (termed  the  "  dead 
weight ")  slides  over  the  cylinder  and  opens  the   snap  hooks 
(the  lever  ends  of  which  project  outside  the  cylinder),  thus 
releasing  the  drill,  which  falls  freely  to  the  bottom.    By 
means  of  a  somewhat  elaborate  contrivance,  the  drill  and  the 
"dead  weight "  are  raised,  and  the  drill  is  released  as  before. 
The  height  of  the  fall  of  the  drill  can  be  regulated  by  means 
of  the  arrangement  of  the  **  dead  weight."     The  drill  falling 
freely  does  away  with  any  transmission   of   the  shock  of 
impact  to  the  boring  rods,  and  the  number  of  strokes  per 
minute  can  be  increased  very  materially,  without  risk  of 
breakage.      The  drill  used  weighed  37,500  lbs.,  the  steel 
blades  4000  lbs.,  and  the  self-acting  fall  apparatus  7800  lbs., 
being   a   total  of  about  22  tons.      The  cost  was  in  1874 
£2400,  at  Paris. 

0.  Sluchje  Pump  or  Ci-sfprti  (Plate  o). — ^This  draws  out  the 
mud  into  which  the  stone  has  been  converted  bv  the  drill. 
It  is  made  of  sheet  iron,  and  the  bottom  is  pierced  with 
27  holes  of  about  12iii.  diameter,  with  plate- iron  valves 
fitted  with  rods  and  handles,  allowing  each  valve  to  be 
raised  separately  in  emptying  the  cistern,  which  is  divided 
into  three  compartments,  so  that  the  whole  contents 
would  not  be  emptied  by  reason  of  the  failure  of  one  valve. 
Several  bows  are  fixed  on  the  top  of  the  cistern,  and  an  oak 
beam  (Gin.  x  9in.)  is  bolted  on,  and  these  bear  the  screw-end 
of  a  boring  rod.  This  can,  of  course,  be  connected  with  the 
boring  rods,  and  thus  the  cistern  may  be  lowered.  The 
cistern  may  be  emptied  from  the  side  by  means  of  three 
slide  valves  placed  on  one  side.     "When  it  reaches  the  pit 
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1x>ttoin  it  is  alternately  raised  and  lowered  about  half  a  yard 
for  15  minutes^  being  at  the  same  time  gradually  turned 
round.  The  mud  enters  through  the  valyes,  and  after  a 
quarter  of  an  hour's  rest  to  allow  it  to  settle,  the  cistern  is 
raised  and  emptied.  As  a  rule  the  cistern  had  to  be  twice 
lowered  and  filled  before  the  drill  could  be  put  to  work  again. 

6.  The  Bare  Rods  are  made  of  3^in.  square  iron,  and  are 
each  about  27ft.  long.  Short  lengths  allow  gradual  increase 
in  the  total  length.  A  lengthening  screw  (Fig.  15,  plate  1) 
which  turns  in  a  swivel,  and  is  suspended  to  the  boring  beam 
by  two  chains,  is  attached  to  the  rods.  The  screw  can  be 
lengthened  about  1  yard.  On  reaching  this  limit  a  3ft.  rod 
is  put  on  and  the  screw  is  regulated  accordingly.  By  means 
of  handles  (Fig.  16,  plate  1),  which  are  fastened  to  the  square 
port  of  the  screw,  the  drill  is  turned  at  every  stroke  when 
being  raised  from  the  bottom.  The  other  implements  used 
only  diifer  from  tools  ingeneral  use  by  reason  of  their 
strength. 

7.  The  Tubbing  Apparatus  (Plate  4). — Cast-iron  tubbing, 
moss-box  (Fig.  18,  Plate  1),  temporary  bottom,  &c.  The 
tubbing  consists  of  cylindrical  rings  5ft.  in  height, 
•cast  in  single  pieces.  Each  ring  hasa  flange  on  top 
and  at  bottom.  These  flanges  are  turned  on  the  lathe, 
and  bolt-holes  are  bored  in  them  so  that  the  seg- 
ments may  be  screwed  together  and  rendered  watertight 
by  means  of  lead  sheeting.  A  strengthening  rib  is  cast 
inside  each  ring,  about  the  middle  of  its  vertical  height. 
Before  being  used  each  ring  is  tested  by  water  pressure,  in  a 
specially  constructed  chamber,  to  double  the  pressure  which  it 
is  required  to  bear  in  use.  The  tubbing  consists  of  52  rings,  the 
weight  of  which  is  818,7461bs. ;  the  two  rings  of  the  moss-box 
weif^h  45,7971bs. ;  and  the  temporary  bottom  14,5651b8. ;  or 
a  total  of  879,1081bs.,  or  about  439^  tons,  in  which  weight 
the  bolts  and  sheeting  are  not  included.  If  the  tubbing 
was  bolted  together,  the  water  could   not  pass  through  it 
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it  and  fill  the  pit.     To  prevent  this  the  moss-box,  wliict  it 
&  kind  of  stuffing-bos,  is  screwed  on  the  lower  end  of  the 
tubbing.     It  consists  of  two  pieces,  the  outer  being  a  itrony 
iron  ring  of  the  same  diamet-er  us  the  tubbing,  hanng  an 
inner  flange  at  the  top  fitted  to  screw  to  the  lowest  ring  of 
the  tubbing,  and  a  thick  outer  flange,  without  bolt-holes,  at 
the  bottom.     The  inner  piece  allows  the  oiit«r  to  slide  over   I 
it,  and  has  at  the  bottom  a  strong  outside  flange,  while  at 
the  top  six  cast-iron  ears  project  inside  the  pit,  and  serve  to 
hang  thci  lower  part  to  the  tubbing  by  means  of  sis  long 
eye-lmlts,  which  are   suspended   from  iron  plates   held  in 
position  by  the  bolts  which  pass  through  the  flanges  of  the 
segments  of  tubbing.     When  the   pit  was   finished  these 
plates,  Ac,  were  taken  or  cut  away,  leaving  it  its  full  inside 
diameter.     The  space   behind  the   inner  piece  of  the  moss- 
bos  is  tightly  packed  with  clean,  drj'  moss,  kept  in  place  by 
n  strong  net  when  the  tubbing  is  being  lowered.     This  net 
ifl  fastened  to  the  two  flanges  by  means  of  screws,  and  is 
bound  against  the  moss  by  strings.     When  the  tubbing  is 
being  lowered  the  moss  is  not  pressed,  but  when  the  lower 
portion  of  the  box  touches  the  pit  bottom  it  stops,  and  the 
tubbing,  continuing  its  descent,  forces  down  the  t<^  piece  of 
the  moss  box,  which,  sliding  over  the  lower  piece,  presses 
tiie  moss  tightly  against  the  lover  flange  and  the  pit  sides, 
thus  preventing  the  escape  of  water  under  the  toot  of  the 
tubbing.     As  a  matter  of  precaution  the  space  behind  is 
afterwards  filled  up  with  hydraulic  mortar.    When  the  pit  is 
Bunk  a  few  yards  below  the  moss-box,  a  double  wedging  crib 
ia  laid,  packed,  and  wedged,  and  some  courses  of  ordinary  tub- 
bing are  put  in  and  closed  against  the  lower  flange  of  the  moss- 
box.     Holes  SJin.  diameter  are  cast  in  the  top  segments,  so 
tlutt  this  length  may  be  filled  at  the  back  with  hydraulic 
mortar.     A.  temporary  bottom  is  screwed  against  the  middle 
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g  or  rib  of  the  lowest  course  of  tubbing,  converting  it 
3  a  vessel  which  would  float  upon  the  water  if  a  certain 
mtity  was  not  allowed  to  run  into  it  to  give  the  necessary 
ight  for  lowering.  This  does  away  with  the  difficulty 
L  danger  of  dealing  with  the  great  weight  it  would  be  if 
',  cushioned.  This  bottom  is  concave,  and  has  a  manhole 
the  centre,  to  be  used  if  reqduire.  The  outer  diameter  is  lin. 
8  than  the  inside  diameter  of  the  tubbing  flanges,  allowing 
to  be  drawn  out  of  the  pit  when  the  tubbing  is  completed, 
false  flange  of  sheet  iron  about  lin.  thick,  (Fig.  17,  Plate 
consisting  of  three  segments  with  overlap  joints,  is  screwed 
'er  the  temporary  bottom,  increasing  the  diameter  Gin.  or 
n.  Lead  sheeting  between  the  flanges  renders  the  connection 
ater-tight.  When  the  tubbing  is  ready  for  lowering,  a 
rong  cover  is  put  on  the  manhole.  The  tubbing  bolts 
•e  ordinary  bolts  of  best  quality.  The  sheeting  lead  is 
)out  |in.  thick.  The  pieces  forming  a  whole  joint  are  cut 
antwise,  and  project  about  Jin.  beyond  the  flanges,  being 
lated  with  red  lead  immediately  before  being  used.  The 
pints  are  carefully  stenmied,  back  and  front. 
8.  Lowering  Apparatus. — The  tubbing  is  lowered  by  means 
\  six  screws  about  12ft.  long,  on  which  are  brass  nuts, 
irrj'ing  on  each  bolt  an  angle  wheel  driven  by  an  angle 
Inion,  the  axle  of  the  latter  being  provided  with  a  handle. 
i»  men  placed  at  these  handles,  and  turning  them  exactly 
)gether,  lower  the  tubbing  at  the  command  of  the  master 
orer.  The  tubbing  is  hung  on  the  screws  by  bore  rods  of 
in.  square  iron,  each  10ft.  long.  Each  ring  of  tubbing 
\  rolled  over  the  pit's  month  on  strong  cross  timbers, 
oisted  by  the  steam  crab,  and  lowered  on  to  the  top  of  the 
iibbing  already  put  in.  Three  of  the  suspending  rods  are 
nscrewed,  while  the  remaining  three  steady  the  lower 
ubbing,  which  is  floating  in  the  water.  The  new  ring  is 
hen  screwed  to  the  rest  of  the  tubbing,  the  lead  sheeting 
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Btemmed,  and  tlie  three  unconnected  rods  refa^tened  to  the 
lowering  screws.  The  column  of  tubbing  is  then  lowered 
5ft.  (the  height  of  the  ring),  a  certain  quantity  of  water 
being  allowed  to  run  inside  the  tubbing  for  that  purpose. 
This  process  is  repeated  till  the  moss-box  touches  the  bottom, 
and  the  moss  is  compressed,  as  before  mentioned. 

9.  Filling  the  Space  behind  the  Tubbing  ttith  Hydravk 
Mortar, — The  mortar  is  mixed  in  the  following  proportions: 

11  bushels  hydraulic  lime. 
11        „        sharp  river  sand. 
11       „        Rhenish  pozzuolana  or  trass. 
4  barrels  Portland  cement. 

The  lime  is  finely  powdered  and  riddled,  olixed  dry  with 
the  sand  and  trass,  cement  added,  and  the  mixture  thrown 
into  a  hand  mortar  mill,  the  requisite  quantity  of  water 
being  added.  Two  of  these  mills  are  placed  close  to  the  pit 
on  opposite  sides,  and  the  mortar  runs  directly  out  of  the 
pans  into  sheet-iron  pipes  4in.  diameter,  which  lead  it  to 
the  pit  l)ottom.  The  mortar  must  be  kept  running,  or  it 
will  separate  into  its  constituent  parts.  After  some  practice 
the  men  managed  this  very  well,  and  were  able  to  fill  up 
about  50ft.  in  eight  hours,  using  a  single  mortar  mill.  The 
pipes  are  drawn  up  and  shortened  as  the  space  is  filled.  MM. 
Kind-Chaudron  use  stifiF  mortar,  forcing  it  down  sheet-iron 
boxes  with  sliding  pistons.  MM.  Lippmann's  process  is 
more  rapid,  and  fills  up  all  crevices  more  completely ;  it 
also  prevents  the  water  exercising  direct  pressure  on  the 
tubbing  after  the  mortar  has  set.  Possibly  the  tubbing 
used  might  safely  have  been  lighter  than  it  was. 

Having  described  the  apparatus  and  implements  used  for 
boring  and  tubbing  the  pit,  the  writer  briefly  relates  in 
what  manner  the  work  was  carried  on. 

In  1857,  Xo.  2  Rhine  Elbe  pit  had  been  smik  16  yards 
in  the  grey  marl,  the  diameter  being  10ft.     It  was  then 
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topped  on  account  of  the  quantity  of  water  met  with.  The 
it  was  walled,  and  buntons,  ladders,  and  brattice  put  in. 
L8  in  1874  it  was  determined  to  make  No.  2  a  winding  pit 
8  well  as  a  principal  air  shaft,  it  was  resolved  to  increase 
lie  diameter  to  12ft.  inside  the  tubbing  flanges :  conse- 
aently  it  was  necessary  to  bore  it  14ft.  diameter.  In  order 
>  give  room  to  move  round  the  tubbing,  the  top  portion 
squired  to  be  of  still  greater  diameter.  The  brickwork 
ras  therefore  pulled  out,  and  a  chamber,  10ft.  deep  and 
2ft.  diameter,  simk  from  the  bank,  the  pit  being  widened 
0  14ft.  diameter  for  12  yds.,  this  being  the  limit  to  which  the 
rater  could  be  kept  under  by  a  donkey  engine  and  12in. 
ifting  set.  The  widening  of  the  pit  and  the  destruction  of 
dl  timber  below  that  depth  was  accomplished  by  the  borer. 
Chifl  work  was  very  diflScult,  as  the  pit  was  free  in  the 
centre,  and  the  blades  only  worked  at  the  circumference  on 
the  cemented  brickwork,  oak  cribs,  buntons,  and  iron  pipes 
walled  in  the  sides.  The  work,  however,  proceeded 
regidarly,  and  it  was  hardly  possible  to  recognise  the  small 
fragments  of  iron  and  wood  in  the  mud  cistern.  The  pit 
being  cleared  down  to  the  depth  simk  (IG  yds.)  the  remain- 
ing SOyds.  were  proceeded  with  as  follows : — 

The  pit  was  bored  14ft.  diameter  down  to  96  yards,  the 
tabbing  lowered,  the  space  behind  filled  with  mortar,  the 
water  drawn  out,  the  lowering  rods,  &c.,  taken  out  and  the 
temporary  bottom  removed.  The  pit  was  sunk  about  10 
yards  by  manual  labour,  and  the  closing  tubbing  put  in. 
The  further  sinking  then  proceeded  in  the  usual  way. 

The  drill  or  borer,  with  the  fall  apparatus,  was  lowered 
into  the  pit  after  the  platforms  had  been  pushed  aside  ;  the 
fall  apparatus  was  regulated  to  act  for  a  given  drop  (from 
18in.  to  30in.).  The  platforms  were  pushed  together  again, 
and  the  drill  suspended  thereon  by  means  of  a  key.     The  rods 
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were  then  screwed  on  to  the  fall  apparatos,  and  rods  added 
as  the  borer  was  lowered  till  it  reached  the  bottom  of  the 
pit.     The  boring  beam  set  at  the  low  stroke  was  connected 
to  the  rods  and  set  slowly  in  motion,  gaining  speed  as  the 
drill  set  to  work  regularly.     The  drill,  set  loose  by  the  fall 
apparatus,  fell  on  an  average  more  than  24in.,  itsweigH 
including  the  blades,  being  41,5001b8.,  as  before  stated.    The 
number  of  strokes  was  from  six  to  eight  per  minute.    While 
the  drill  was  raised  it  was  turned  round  by  eight  to  twelre 
men  at  the  lever  ends  every  two  or  three  strokes.     The  head 
or  master  borer  lowered  it  by  means  of  the  lengthening  screw 
when  needful.     ^VTien  the  mud  in  the  pit  bottom  impeded 
the  turning  of  the  drill,  it  was  brought  out  of  the  pit,  and 
the  mud  cistern  lowered  and  filled  (twice  as  a  rule)  till  the 
bottom  was  cleared. 

The  drill  was  then  lowered  again,  and  so  forth.  When 
the  pit  reached  a  depth  of  ninety-six  yards,  a  borehole  lOft 
deep  and  5ft.  diameter  was  put  down  in  the  centre,  to  collect 
all  debris  which  might  be  on  the  pit  bottom,  or  might  fall 
thereon.  The  pit  bottom  and  sides  were  then  planed  as 
emooth  as  possible  by  means  of  the  drill,  which  was  lowered 
without  the  fall  apparatus,  and  worked  rapidly  up  and  down 
with  a  very  short  stroke,  thus  only  touching  the  bottom  aiid 
remaining  constantly  suspended  to  the  beam.  The  pit  and 
borehole  were  then  cleared  a  last  time  and  the  lowering  of 
the  tubbing  began.  The  beam  and  platforms  w^ere  removed 
and  the  lowering  screws  12ft.  long  were  set  on  scaffolding  in 
the  pulley  frames.  The  two  cylinders  of  the  moss  box  were 
then  rolled  on  strong  sleepers  placed  across  the  jnt,  the  interior 
portion  being  set  to  the  centre  of  the  pit.  The  upper  part  wa> 
then  slid  over  the  pit  and  rested  on  props  so  that  the  distance 
between  the  two  flanges  was  5ft.  (Fig.  IS,  Plate  1.)  Narrow 
lir  deals  were  screwed  at  the  back  of  the  flanges,  and  the  well- 
dried  mose  packed  closely  and  rammed  with  wooden  hammers 
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in  the  space  thus  left.  The  props  were  taken  out  as  the 
workmen  packed  the  moss  up  to  them.  The  packing  being 
finished,  the  deals  were  taken  off  and  the  net  substituted. 
The  lower  part  of  the  moss  box  was  suspended  from  the 
upper,  on  which  was  laid  the  first  tubbing  ring.  In  addition 
to  the  top  and  bottom  flanges,  this  ring  had  two  intermediate 
oneSy  turned  on  the  lathe  and  pierced  with  bolt-holes.  The 
temporary  bottom  was  screwed  imder  the  lower  of  these  inter- 
mediate flanges,  while  a  sheet  iron  ring  in  two  halves  pierced 
with  six  large  holes  was  screwed  imder  the  upper  one.  This 
ring  projected  inside  the  tubbing,  and  the  rods  suspending  the 
tabbing  while  being  lowered  passed  through  the  holes  and 
were  keyed  underneath.  These  rods  being  connected  to  the 
lowering  screws,  the  tubbing  was  lowered  on  to  the  water ; 
three  rods  were  then  disconnected.  Another  tubbing  ring 
was  set  on  the  first  and  screwed  fast.  The  tubbing  was 
then  lowered  5ft.  Another  ring  was  then  put  on  in  like 
fashion,  screwed,  the  sheeting  stemmed  and  lowered,  and  so 
forth  till  the  moss  box  reached  the  bottom.  The  suspension 
rods  were  then  unscrewed,  and  the  inside  of  the  tubbing 
filled  with  water.  By  the  great  weight  of  the  tubbing  the 
moss  was  pressed  downwards  and  against  the  pit  sides.  The 
space  behind  the  tubbing  was  then  filled  with  hydraidic 
mortar.  When  the  water  was  drawn  the  tubbing  was  found 
perfectly  tight,  both  at  the  joints  and  the  foundation. 

The  boring  through  the  brickwork  at  12  yards  depth  was 
started  on  the  16th  of  May,  1874,  and  the  boring  operations 
were  ended  down  to  96  yards  on  the  27th  of  April,  1875. 
The  needful  preparations  for  lowering  the  tubbing  were  then 
made,  and  the  operations  were  finished  and  the  space  behind 
filled  up  by  the  22nd  of  Jime,  1875.  The  water  was  drawn 
and  the  pit  cleared  of  the  working  apparatus  by  the  30th  of 
June,  1875. 
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Very  few  accidents  happened  during  the  boring,  the 
following  being  the  list : — 

July  12-13,  1874. — Breakage  of  a  rod  screw  while  the 
mud  cistern  was  at  the  bottom.  The  latter  was  fished  for 
and  caught  in  a  few  hours'  time. 

July  26-28,  1874. — The  boring  beam  being  too  weak  was 
repaired  and  strengthened  with  iron  plates. 

November  11-26,  1874. — ^The  self-acting  fall  apparatus 
sent  to  the  factory  to  be  repaired. 

January  14-23,  1875. — Breakage  of  a  rod  screw.  The 
drill  remained  at  the  bottom.  A  special  hook  had  to  be  sent 
for  to  Paris.  The  drill  was  caught  and  drawn  out  in  two 
hours'  time. 

A  considerable  loss  of  time  ensued  at  the  commencemeat 
of  operations,  as  the  steam  engine  required  replacing  by  a 
more  powerful  one. 

The  cost  of  Sinking  and  Tubbing  down  to  the  depth  of  96 
yards  was  as  follows  : — 


Pulley  Frame  and  Shed .  . 

ImplcDicnts  and  Tools  for  ) 
lioring   and   Tubbing  | 

Steam  Engines  and  Pipes.. 

Boring  Expenses 

Tubbing. 

Filling  up  with  Mortar. . 

OflScers'  Salaries,  Travel- 
ling Expenses  andCon- 
tractors*  Premium... . 


Wages, 
Salaries,  &c. 

^£~"  8.  "a: 


Materials. 


Total. 


£ 
1030 


—  I. 


B. 

7 


d. 
2 


£ 
1030 


e. 
7 


d. 
'1 


6888  10     4  '    G888  10    4 


2227  15 
258  3 
101  17 


6 
6 
4 


916  4  0 

881  18  0 

4918  10  10 

419  10  10 


946  4 
3109  13 
5177  0 

521     8 


0 
6 
4 


2349     7     9 


2349     7   y 


Tot^l ..;i:4937     4     1    £15,085  7     2l£20,022ll 


0 


The  cast-iron  tubbing  alone  cost  £4770  IGs.  8d.    It  would 
be  considerably  less  expensive  at  tlie  present  time. 

The  machinery  and  apparatus  were  in  good  order  after 
the  completion  of  the  work. 
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Fhe  No.  2  Bhine  Elbe  pit  being  sirnk  on  the  premises  of 
•  1  pit,  no  boilers  or  shops  for  smiths  and  carpenters  were 
xied,  but  the  costs  for  smiths'  and  joiners'  work  are  fully 
luded  in  the  item  for  salaries  given  in  the  above  table. 


lir.  Gbimshaw  said  :  At  the  outset  we  were  told  that  the 
it  of  the  No.  1  Rhine  Elbe  pit,  which  was  sunk  to  a  depth 

113  yards  through  the  grey  marl,  was  upwards  of 
00,000 ;  that  gives  about  £985  per  yard  sunk.  That  pit 
8  sxmk  by  manual  labour.  Whereas  the  cost  of  the  No.  2 
,  sunk  under  similar  conditions,  was  about  £210  per  yard, 
ese  figures  show  an  astounding  difference  in  favour  of 
ifisrs.  Lippmann's  process.  The  difference  in  cost  may,  in 
jreat  measure,  be  accoimted  for  by  doing  away  with  the 
sessity  of  pumping  9,000  gallons  of  water  per  minute. 

course,  in  an  ordinary  wet  pit,  the  pit  bottom  has  to  be 
pt  clear  for  the  sinkers  to  work,  for  which  purpose  heavy 
ikle  is  needed,  and  very  often  that  tackle  is  of  no  use  after 
3  pit  has  been  simk  and  the  water  is  tubbed  off.  It 
iainly  seems  a  very  great  step  in  advance  to  be  able  to 
ik  a  pit  14ft.  in  diameter  in  one  operation,  and,  in  addi- 
n  to  that,  to  effectually  tubb  off  the  water. 


'« 
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TRANSACTIONS 

OF   TBI 

MANCHESTER    GEOLOGICAL    SOCIETY. 

Pabt  XIX.  Vol.  XIV.  Seshoit  1877-8. 

At  the  Ordinary  Monthly  Meeting  of  the  Members 
of  the  Society,  held  on  Tuesday,  the  26th  March,  1878,  in 
the  Literary  and  Philosophical  Society's  Rooms,  George 
Street,  Manchester ; 

Joseph  Dickinson,  Esq.,  F.G.S.,  President, 

in  the  Chair. 

Mr.  Richard  Smith,  Hollinwood,  was  elected  an  Ordinary 
Member  of  the  Society. 


THE  SPONTANEOUS  COMBUSTION  OP  COAL. 


The  President  drew  attention  to  the  importance  of  this 
question  considered  from  a  mining  or  an  export  point  of 
view.  At  an  inquiry  recently  held  in  Liverpool  with  refer- 
ence to  a  coal-laden  ship  having  taken  fire  at  sea,  his 
evidence  was  desired  as  to  the  character  of  certain  coal 
which  had  been  sent  from  Lancashire.  The  coal  in  question 
— ^from  the  Rams  or  Six-foot  Mine — ^was  remarkably  clean, 
and  free  from  the  elements  of  spontaneous  combustion ;  but 
other  coal,  in  part  from  Rainford  and  in  part  from  the 
Whiston  portion  of  the  district,  had  been  loaded  with  it. 
The  Assistant-Inspector  of  Mines  for  West  Lancashire 
stated  that  two  of  the  mines  from  which  this  coal  had  been 


re  then  ou  fire  From  spontaneoua  combiietioii  ■ 
and  ha,  periiaps,  if  correctly  reported,  wont  a  little  too  for 
in  Mjing  ^i^i  those  ecams  were  not  suitable  for  export.  It 
ma  quite  possible  that  in  a  Beam  of  coal  there  might  bo 
iMnda  of  earthy  matter  nmning  through  it  which  were  liable 
to  ^ontaneous  combustion,  and  that  the  coal  itself  might  be 
fiM  fma  it.  It  seemed  to  him,  therefore,  a  very  serious 
■uttftT  to  dpnouncG  one  or  two  seams  simply  because  there 
ndg^t  be  intervening  banda  that  were  liable  to  spootaneoiu 
oambastiaiL  Whilst  waiting  to  be  examined  he  was  very 
BUiDh  ■biuA  with  the  description  given  of  the  method  of 
V"^™y  diips  at  LiverpooL  It  seemed  that  the  stevedores — 
tliB  penmu  who  had  charge  of  the  loading  of  the  vessels — 
diMbdmed  kll  responsibility  for  the  way  in  which  the  cargo 
waa  pnt  on  board.  An  old  stevedore  who  was  examined  said 
that  lAaterer  cargo  came  he  put  it  in.  He  (the  sttvcdorel 
held  the  obtain  responsible  for  seeing  that  his  ship  was 
mofeAj  loaded.  When  he  (the  President)  was  examined, 
he  pointed  out  that  if  people  who  were  accustomed  to  stack 
coal  in  Lancashire  were  to  stack  it  after  the  manner  in 
which  it  waa  put  on  board  ship — that  was,  by  dropping  it 
from  the  deck  into  the  bottom  of  the  hold — they  would  not 
be  surprised  at  epontaneoua  combustion  arising  from  the 
consolidation  that  took  place  owing  to  that  treatment. 
The  usual  way  is  to  begin  by  building  it  up  quietly  from 
the  bottom,  or  placing  a  few  planks  for  the  ooal  to  slide 
down.  That  precaution  seemed  oerer  to  be  obserred  in  the 
loading  of  ships.  This  subject  has  already  been  treated  of 
in  one  of  the  mining  institutes ;  but  he  thought  the  subject 
was  still  far  from  ezahusted,  and  felt  sure  some  of  the 
members  could  give  the  Society  a  very  interesting  and 
useful  paper  on  it. 

Mr,  De  Rancb  said  that  from  the  reports  in  the  London 
papers  it  appeared  that  by  some  persons  it  was  oonndered 
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Lancashire.coal  per  se  as  muoh  more  liable  to  spontaneous 
combustion  than  coal  from  other  districts ;  and  that,  if  it 
had  been  misunderstood,  he  thought  some  official  correction 
of  the  reports  would  be  desirable. 

Mr.  Chadwick  agreed  with  the  President's  view,  and  to 
the  intervening  bands  being  the  source  of  spontaneous  com- 
bustion rather  than  the  coal  itself.  Such  bands  exist  above 
the  Trencherbone  and  Ravenhead  Main  Delf  Mines,  from 
which  latter  the  coal  in  question*  is  said  to  have  been  derived. 

Professor  Dawkins  said  that  he  thought  the  effect  of  iron 
pyrites  was  one  which  would  prove  of  interest  in  connection 
with  this  question.  Three  years  ago,  when  in  New  South 
Wales,  he  had  occasion  to  visit  a  very  thick  seam  of  coal 
near  Mittagong.  There  was  12|ft.  of  coal,  a  thin  bed  of 
shale,  and  then  another  12|ft.  of  coal,  making  in  all  25ft. 
One  of  these  seams  had  been  on  fire  at  the  outcrop  for  a 
considerable  time  before  he  got  there,  and  it  was  solely  due 
to  the  decomposition  of  iron  pyrites,  which  was  present  in 
considerable  quantity  at  that  spot,  and  which,  on  becoming 
wet,  generated  sufficient  heat  to  cause  combustion.  He  was 
not  able  to  speak  as  to  whether  this  might  or  might  not  be 
the  source  of  spontaneous  combustion  in  English  mines,  but 
in  some  of  these  there  certainly  was  a  good  deal  of  iron 
pyrites. 

Mr.  Wild  said  that  on  the  top  of  the  Ravenhead  Main 
Delf  coal  there  is  a  large  amoimt  of  iron  pyrites.  He  had 
had  experience  of  heating  in  this  mine  which  subsequently 
resulted  in  combustion  and  the  cessation  of  work  there. 


THE  MINES  OF  THE  PARTS  MOUNTAIN, 

ANGLESEY. 


Discussion  upon  the  paper  read  by  Mr.  Evans,  at  the  last 
Ordinary  Meeting  of  the  Society,  was  resumed, 


Thb  Honorary  Secretary  read  tbe  follQwing  oonuQimics- 
tkn  irom  G.  H.  Kinahak,  1I.B.IA..  of  the  Iii^ 
Q«idogical  Survey ; — 

Mr.  Evouh's  description  of  ttie  "  country  "  and  mmeralBaC' 
Ruyi  Mountains  reminds  one  very  mach  of  those  at  lirt 
OfOOa  Mines,  Wicklow,  Ireland.  At  Ovoca,  bat  especiall<^ 
to  At  east  of  the  river  in  East  Cronebane  and  Connary, 
Am  fere  many  felspathic  and  feUitic  rocks ;  some  of  tho 
IsttOr  Ipetro-Gilex)  being  so  silicioos  as  to  be  scarcely  difr- 
tingvuhable  from  quartz-rock  and  qnartzite.  In  this  pui 
of  ^W^klow  the  surface  of  the  country  (over  these  rocks) 
Im  At  same  "  burnt "  appearance  as  that  mentioned  by  Mr. 
,  while  the  coppor  ("yellow  ore")  in  the  mineid 
lel  is  of  low  percentage  (3-5  to  8),  but  it  is  associated' 
I  Considerable  deposits  of  "  sulphur  ore "  (pyrite  and 
There  ia  also  in  Kilmacoo,  part  of  the  Con- 
■aaty  tet,  a  mineral  voiy  similar  to  the  Parys  Mountain — 
"bhmtone  " — it  locally  goes  by  tke  names  of  "bloe8tone,'i 
"mlTBT-blende,"  and"  kilmacoite."  At  Coonary,  howevier, 
it  is  worked  by  a  London  Company,  who  have  patented  a 
process  for  reducing  it,  and  at  present  are  acttTsly-  employed 
in  raising  and  shipping  the  ore.  The  analysia  shows  tbat 
it  is  a  somewhat  similarly  constituted  mineral  to  the  "  blue- 
stone  "  of  Parys  Mountain. 

The  various  writers  on  the  Ovoca  Mines  seem  to  coiuddn 
the  felspathic  and  felsitio  rocks  to  be  emptive-bedded  fd- 
etones :  except  Weaver,  who  states  that  some  of  them  are 
homstones.  Weaver  appears  to  be  correct ;  for  while  some 
of  these  felstones  are  emptive- rocks,  many  of  the  rest  at« 
evidently  metamorphosed  shales  and  tnfb.  These  "par- 
optesis  "  or  locally  metamorphosed  rocks,  in  many  characters 
are  similar  to  normal  felstones  ;  but  they  are  always  cleaved 
or  laminatod,  or  show  the  lines  of  cleavage  or  lamination, 
while  if  carefully  worked  out,  they  can  be  traced  from  hom- 
Btone  into  either  unaltered  shales,  slates,  or  toffs. 
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I  would  suggest  that  Mr.  Evans  goes  to  extremes  when  he 
wishes  to  include  all  the  felspathic  and  other  eruptive-rocks 
among  those  of  sedimentary  origin.  In  different  places  in  the 
tracts  of  Gambro-silunan  rocks,  to  which  he  has  alluded  in 
his  paper,  there  are  rocks  undoubtedly  eruptive ;  although  in 
different  places  in  the  same  areas  there  are  other  rocks,  now 
mapped  as  eruptive,  that  properly  ought  to  be  described  as 
paroptesis  or  baked  sedimentary  rocks,  or  rocks  that  have 
been  metamorphosed  in  the  the  vicinity  of  a  local  source  of 
igneous  or  perhaps  slightly  aqueo-igneous  vent.  This  is 
very  evident  in  the  Cambro-silurians  of  Wicklow,  Wexford, 
and  Waterford,  as  interstratified  with  them  are  great  sheets 
of  erupiwe  felstones,  eurytes  (basic  felstones),  whinstones 
(probably  gabbros),  agglomerates,  and  other  tuffii;  but,  at 
the  same  time  there  are  great  tracts  of  metamorphosed 
shales,  slates,  and  tuffii  in  places  scarcely  distinguishable 
from  felstones,  eurytes,  and  gabbros.  These  Paroptesis  rocks 
always  occur  adjoining  the  vents  of  eruption  in  the  rocks 
below  those  in  which  the  bedded  normal  eruptive  rocks  are 
found,  and  usually  are  associated  with  one  or  more  protru- 
sions of  basic  elvan  and  rarely  with  silicious  elvans.  The 
basic  and  silicious  elvans  being  the  roots  of  the  eruption 
rocks;  that  in  higher  beds  form  sheets  in  the  Cambro- 
silurians.  To  this  subject  I  have  previously  referred, 
in  a  conmiunication  laid  before  this  Society,  ''On  the 
Bocks  of  the  Balljrmoney  Series,  Co.  Wexford,"*  in 
which  it  was  pointed  out  that  the  interbedded  eruptive 
rocks  occurred  solely  in  the  upper  Cambro-silurians.  The 
changes  in  the  sedimentary  rocks  of  Wicklow,  Wexford,  and 
Waterford  due  to  paroptetic  action  are, — certain  argillaceous 
rocks  are  altered  into  homstones,  some  of  the  latter  being 
so  silicious  that  they  might  be  called  quartzyte — ^felspathic 
tufh  into  rocks  scarcely  distinguishable,  except  petrologi- 
cally  from  felstones — and  basic  shales  and  tuffs  into  rocks 

*  Trans.  Mane  Geo.  Soo.    YoL  ziy.  p.  146. 


nii(li«tiTigiriJi>hlB>  except  petrologically,  from  eurytet  and' 
gibbnMi  TbB  ohanges  of  sedimentary  rocks  into  rods 
luring  cjunoien  eiiuilar  to  eraptive  rocks  u  aim  con- 
wpknoM  in  pltoei  in  the  Counties  of  Kerry  (XTpper-siluriaiti 
— DiB^  bedi),  OUre  (Gambro-saurions),  Galway  {Cam- 
brinu  and  Ombn^siluriana),  Mayo  (Silurians),  and  eUe- 
iriMre;  irhila  Miooiated  with  these  Faroptesis  rocks  are 
otbtn  crridtetiy  aniptive.  But  in  places  it  is  impossible  to 
dmr  •  bomtduj'  bstween  the  normal  emptive  and  dn 
nonBRl  puopteni  rocks — examples  are — at  the  vent  e{' 
BTOftiBO.  OD  the  mst  side  of  Seginiah,  Valencia  Harbour^ 
Ommty  Kenj;  in  the  Silurians  of  the  Cul£ii  Valler,  at  OnB 
north'ipait  esbemity  of  Galway ;  also  in  numerous  placai 
in  WioUoir,  Wexford,  and  Waterford  and  elsewhere. 

An  obwmr,  studying  one  of  these  masses  of  rock,  partijr 
eropii'n  ind  partly  paroptcsifl,  will  come  to  different  con* 
ohuioiu  in  aocxaduce  with  the  portion  with  which  he  ij 
most  {amiliar.  If  he  ptiys  particular  attention  to  the  ae^ 
mentary  rocks  that  have  been  subjected  to  poroptetio  action, 
he  may  be  led  to  believe,  that  all  tlie  rocks  are  of  sedimentary 
origin ;  while  if,  on  the  other  hand,  hia  study  has  boat 
principally  directed  to  the  eruptive  portion,  he  may  oome  to 
an  equally  erroneous  opinion,  and  put  all  among  the  eraptiTe 
rocks.  It  would  appear  to  me  that  Mr.  Evans  has  gone  into 
one  of  these  extremes,  and  having  found  rocks  in  variou 
places,  classes  as  eruptive,  although  evidently  originally 
sedimentary,  he  has  too  hastily  come  to  the  oondaaioQ  that 
all  eruptive  rocks  are  of  sedimentary  origin. 

Mr.  Evans'  paper  on  Farya  Mountain  is  especially  inte- 
resting to  those  acquainted  with  the  rooks  of  Soutfa-East 
Ireland,  and  it  would  idmost  induce  one  to  enlarge  on  the 
subject.  This,  however,  would,  in  part,  be  outside  the  ques- 
tion raised,  besides  that  at  present  I  am  not  sufficiently 
acquainted  with  the  rocks  of  South-Eost  Ireland  to  give  as 
unbiassed  opinion. 
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Prof eesor  Dawkins  said  he  could  say  very  little  upon  this 
subject,  except  that  he  shared  Mr.  Einahan's  views  as  to 
the  soimdness  of  many  of  Mr.  Evans's  conclusions. 
It  seemed,  however,  to  him,  in  the  present  state  of  our 
geological  knowledge,  really  too  much  to  ask  them  to 
blot  out  the  terms  "volcanic,"  "irruptive,"  or  "igneous," 
from  the  Cambro-silurian  rocks  of  Wales.  He  was  sure 
no  one  could  compare  the  crystalline  rocks  in  question 
with  the  products  of  existing  volcanos  without  coming 
to  the  conclusion  that  they  were  absolutely  identical 
in  structure.  So  far,  then,  he  entirely  disagreed 
with  the  conclusion  of  Mr.  Evans.  He  certainly  thought 
there  was  as  good  evidences  of  ancient  volcanos,  or  of 
volcanic  action,  and  igneous  action  generaUy,  in  Wales  as 
are  to  be  found  in  any  part  of  the  world ;  but  with  regard 
to  the  question,  as  to  many  so-called  igneous  rocks  not 
being  really  igneous,  that  was  a  point  which  he  thought 
Mr.  Evans  had  a  good  deal  to  say  on  on  his  side.  Many  of 
the  formerly  called  igneous  rocks  of  the  Principality  might 
ultimately  turn  out  to  be  metamorphic.  It  was  a  very 
interesting  question  which  was  raised,  and  one  that  would 
take  much  time  and  trouble ;  and  even  when  they  had 
expended  all  their  time  and  trouble,  in  the  present  con- 
dition of  chemical  knowledge,  he  was  afraid  they  would  still 
be  unable  to  arrive  at  any  definite  and  precise  conclusion, 
as  to  the  action  of  segregation  and  the  results  of  meta- 
morphic action  as  distinct  from  those  which  were  purely 
igneous. 

Mr.  De  Range  said  the  author  of  the  paper,  from  the 
fact  of  his  living  upon  the  groimd,  appeared  to  have  accu- 
mulated a  vast  amoimt  of  facts  which  would  be  of  use  for 
future  time  ;  but  as  regarded  Mr.  Evans's  conclusions,  he 
(Mr.  De  Ranee)  should  be  inclined,  with  his  colleague,  Mr. 
Kinahan,  and  with  Professor  Dawkins,  somewhat  to  demur. 


Aat  Hno  termB  iued  now  for  so  long  a  time  should  be 
dxilMiMd — find  uot  eo  maeh  the  terms  as  the  ideu^  repre- 
■■RftBd  b^  tbcm — eeemod  to  bim,  in  these  19th  century  days, 
CB  JBHWliibility.  Ho  compared  the  speciioenfi  from  Paiyi 
lf<HWtliD,  exhibited  by  Mr.  Evans,  eontoining  fragments  oi 
pntrn  wlon,  or  honi§toQe,  with  some  of  the  rocke  in  the 
W^  diitrict,  where,  in  CumberLand,  there  was  a  vast  series 
oCvoImiuc  ash  (which  undoubtedly  had  been  projected  from 
•  wianip),  interciilated  with  beds  of  trap ;  and  when  he 
fomd^  1^7  following  lhc>  unh  bodt>  acroae  a  pitsce  of  coantry, 
fliat  oertun  alterations  had  been  induced  by  the  meta- 
)  action  produced  by  the  heated  lava  flows,  dykve 
I  through  them,  and  found  what  was  an  ordinuy 
wb  cn  tbe  side  of  a  valley  became  petro-silox,  or  bom- 
■tone  on  the  other ;  then  he  thought  they  had,  in  a 
dirtriot  like  that,  clear  proof — first,  of  a  deposit  oi 
TokwiM  ashes,  then  of  lava  flows  and  dyke«  coming 
«P  feast  beneath.  But  an  exaoiination  of  the  district 
revealed  something  more :  they  found  mineral  veins,  and 
those  veins  traversed  dykes,  traversed  volcanic  ashea,  and 
traversed  the  altered  ashes  which  had  been  termed  homsbme ; 
and  he  took  it  they  were  altered  altogether  from  the  parti- 
cular  circumstances  which  prodneed  the  metamorphiam  of 
the  rocks  of  that  district.  When  he  examined  some  of 
Mr.  Evans's  specimens,  and  saw  their  aioularity  to  the 
lead-bearing  strata  of  Fatterdale  and  the  ooppw  beds 
of  ConistOQ,  he  could  uot  doubt  that  the  same  aequenoe 
of  events  had  happened  in  Anglesey — first  they  had 
certain  ashes  deposited,  afterwards  there  was  an  alten- 
tion  of  those  ashes,  and  at  a  later  period  there  were  veins 
traversing  them  which  got  Med  with  certain  materials. 
Whether  those  materials  come  from  below  it  was  impossible, 
without  examination,  to  say  definitely.  In  the  locality  vhieh 
he  had  more  partionlarly  examined  with  regard  to  mineral 
veins — ^Alston  Moor  and  the  limestone  district  of  Yorkdiiie — 
tJiere  was  no  doubt  that  minerals  (lead  and  copper)  had  been 
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brought  into  faults — or  into  fissures  worn  by  the  action  of 
carbonic  acid  gas  in  water — by  the  running  action  of  water, 
and  left  there  till  the  fissure  became  filled  with  various 
materials,  the  mineral  portion  being  in  the  centre.  He  had 
the  good  fortune  the  other  day  to  examine  a  large  collection 
of  rock  veins  brought  to  this  coimtry  by  Mr.  J.  A.  Phillips, 
who  had  a  large  knowledge  of  mineral  veins  ;  and  he  could 
not  but  realise  the  fact  that  mineral  veins  had  not  one  origin 
merely,  but  many ;  and  though  some — as  those  at  Alston 
Moor — ^might  have  been  derived  from  segregation,  others 
doubtless  had  been  derived  from  beneath,  and  had  a  source 
from  below  upwards,  in  the  same  sort  of  way  as  dykes ;  and 
it  was  possible  that  those  of  Anglesey  might  have  been 
formed  in  that  way.  But  there  were,  no  doubt,  different 
chapters  of  the  story  there,  belonging  to  different  periods  of 
geological  time. 

Mr.  AiTKEN  said  he  agreed  with  the  general  tenor  of  the 
remarks  made  by  the  previous  speakers,  as  well  as  by  Mr. 
Kinahan  in  his  communication;  but  it  appeared  to  hiin 
that  there  had  been  some  misapprehension  with  regard  to 
Mr.  Evans's  intention.  Mr.  Evans  was  of  opinion  that  the 
whole  of  these  beds  had  been  formed  by  deposition  at  the 
bottom  of  a  Silurian  Sea.  At  one  time,  and  that,  by  some 
law  of  segregation  not  distinctly  set  forth,  those  beds 
arranged  themselves  in  the  laminated  series  which  they 
eventually  assumed.  It  did  not  appear  that  metamorphism 
was  intended,  as  that  term  did  not  occur  in  the  paper. 
They  had,  then,  not  only  the  statement  made  that  there 
were  no  igneous  rocks  there,  but  that  the  beds  in  question 
had  been  formed  by  some  strange  law  of  nature  with 
which  they  were  not  acquainted,  and  of  which  Mr.  Evans, 
perhaps  from  the  time  placed  at  his  disposal  being  too 
short,  did  not  fully  explain.  He  (Mr.  Aitken)  thought 
the  discussion  was  taking  a  direction  different  from  what 
was  intended  by  the  author  of  the  paper.    Mr.  Evans,  in  the 


aph  of  the  paper,  said :  "  If  this  theory  \» 
oamat,  tiun  gtMt  rock  masses  should  no  longer  be  termed 
ignecnu,  md  ong^t,  instead,  to  be  designated  huge  segregated 
ifaat^'*    WiCboat  further  informatioii  upon  the  subject  thsf  4 
were  oortiunfy  not  in  a  position  to  aoucpt  Mr.  Evans's  theorj:  I 
HiB'  Qtt.  Aidtaa),  for  one,  from  all  that  he  had  read  aoS   ^ 
•oen,  had  fimoed  very  difi'ercnt  conclusions.     It  was  quite 
fomtilB  th«t  in  nmny  places  bods  hod  been  described  as  of 
I  irhith   ought  more  correctly   to  be  called 
1  beds ;   but  to  say  that  they  were  altogether 
to  flmsB  the  tern  "  igneous"  from  the  geological  vocabulary, 
■nd  farther  adopt  the  theory  that  there  were  no  beds  of 
igneoDS  origjtn  oouurrlng  in  the  silurian  districts,  tras,  be 
flunig^t)  uiktng  tiicm  to  accept  too  much.  ■ 

TrdtmatDAWWiys  said  that  Mr.  Evaas's  paper  concludeiH 
irith  tlteM  moda:  "  I  hope  that  the  remarks  I  have  madM 
niUbeflte  mmiiBof  drawing  to  the  subject  the  attention  o^ 
more  dalfol  geologists  than  myself;    and  thus,  as  I  con* J 
fidently  expect,  hasten  the  d&y  wlien  the  terms  igoeou, 
volcanic,  and  intrusive  shall  cease  to  be  applied  to  a  aing^ 
rock-mass  in  the    Silurian   and    Cambriaa  formations  in 
Walefl."    That  was  the  point  to  which  he  (Professor  Daw- 
Mns)  had  addressed  his  remarks. 

The  Fbbsidext  said  that  Mr.  Kinahan  appeared  to  con- 
firm to  some  extent  the  views  taken  by  Mr.  Evans.  In  the 
mines  of  Ovoca,  which  he  (the  President)  knew  from  having 
visited  them  as  inspector,  oocasiomilly  the  veins  ran  with  the 
Btratification  of  the  country ;  so  did  they  in  the  mines  of  the 
County  Cork.  The  veins  were  simply  like  a  bed  in  the  rode 
stratification ;  bat  the  ore  was  not  deposited  until  the  greei 
cross  course,  or  fincan  of  clay,  interposed  to  cut  off  the  com- 
mnnication.  He  thought  it  was  on  this  point  that  Mr.  Evans 
wished  to  introduce  fresh  views,  and  he  (the  President)  was 
disposed,  to  a  oertiun  extent,  to  agree  with  him. 
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ON  THE  PALiEOZOIC  AND  SECONDARY  ROCKS 

OP  ENGLAND,  AS  A  SOURCE  OF 
WATER-SUPPLY,   FOR  TOWNS  AND  DISTRICTS. 

By  Charles  E.  De  Range,  Assoc  :  Inst:  C.E.,  F.G.S., 
Of  the  Geological  Survey  of  England  and  Wales. 


The  rainfall  of  England,  according  to  Mr.  Symon's  map, 
accompanying  the  Sixth  Report  of  the  River  Pollution  Com- 
mission, exceeds  25  inches  per  annum  throughout  the  entire 
area  lying  west  of  a  line,  ranging  from  Shields  to  Reading, 
while  west  of  a  line  trending  from  Shields  to  Start  Point, 
the  rainfall  around  the  Lower  Palaeozoic  rocks,  forming  the 
elevated  tracts  of  the  Lake  Districts  of  Wales  and  Dartmoor, 
amounts  to  more  than  75  inches  per  annum.  With  so  large 
an  area,  receiving  so  abundant  a  rainfall,  the  existing  urgent 
necessity  of  affording  a  more  efficient  water-supply,  not 
only  to  our  larger  cities  but  to  our  rural  popidation,  becomes 
a  matter  of  surprise,  and  an  inquiry  into  the  causes,  which 
so  often  leave  the  inhabitants  of  this  country,  like  Cole- 
ridge's "  Ancient  Mariner,"  "  with  water,  water  everywhere, 
but  not  a  drop  to  drink,''  a  subject  of  considerable  impor- 
tance. 

Fifteen  millions  of  the  British  population  live  in  towns 
and  cities,  and  supposing  these  to  be  all  supplied  with  water- 
works— 12  millions  of  rural  population  are  left — deriving 
their  water-supply  from  shallow  wells  and  flowing  streams, 
almost  always  horribly  polluted. 

Through  increase  of  population,  and  manufacturing  re- 
quirements, the  quantity  of  water  annually  consumed  in 
England  is  steadily  increasing,  while  the  number  of  avail- 
able sources  of  supply,  being  necessarily  limited,  the  com- 
petition for  the  possession  of  suitable  water-bearing  areas. 
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eapecially  those  adjoining  the  more  densely 

becomes  keener  aud  keoner,  and  the  Parliamraitary  and  other 

preliminary  expenses  larger  aud  larger. 

Riral  townships,  after  severe  competition,  obtain  the  whole 
of  the  water  rights  of  a  district  to  the  exclnsion  of  those 
who,  from  apathy,  ignorance,  or  want  of  funds,  negloctei 
to  claim  a  portion  of  the  natural  watershed  due  to  them. 

The  Local  Government  Board  and  Parliamentary  En- 
quiries, at  the  best,  only  endeavour  to  ascertain  whether  any 
proposed  water  scheme  laid  before  them  is  likely  to  fulfil 
the  purpose  desired  for  that  particular,  and  have  no  ma- 
■  chinery  to  see  whether  it  is  the  best  scheme,  or  whether 
it  will  interfere  with  the  interests  of  other  districts,  wbo, 
through  ignorance,  are  not  represented. 

In  regard  to  their  general  fitness  for  drinking  and  coot 
ing,  the  Kivers  Pollution  Commissioners  classify  waters  ill 
the  order  of  their  excellence,  in  respect  to  wholesomena^ 
and  palatability,  as  follows  i — 

1  1.  Spring  WitOT,  1        Ymj 

Wholesome  J  2.  Deep  well  water,  )    FalataMe. 

(  3.  Upland  snrfhce  water,  )  Uoderstdy 

a ■  • (  4.  Stored  rain  water,  (    FalatablA 

auspiciouB  I  J   8urf8ce-w»terfromonlfciTatedUnd,\ 

/  6.  River  water  which  aevage  gets  ao-  (    p-ut-u- 
DangeroUB  |  cess  to,  1 

{  7.  Shallow  well  water,  } 

The  value  of  spring  and  deep  well  waters  is  not  merdj 
due  to  their  greater  intrinsic  chemical  purity  and  palatabi- 
lity, but  to  their  being  peculiarly  suited  for  domestic  sopplj 
from  their  almost  invariable  clearness,  traosparenoy,  and 
brilliancy,  and  their  uniformity  of  temperature  thronglMMit 
the  year,  rendering  them  cool  and  refreshing  in  Bonuner, 
and  preventing  their  readily  freezing  in  winter  ;  and  their 
utilization  and  conservation  appears  to  be  a  matter  not  only 
worthy  of  enquiry  into  by  the  Society,  but  one  of  national 
importance,  and  to  demand  Imperial  legislature. 
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The  analysis  of  samples  of  rain  from  various  parts  of  the 
country,  made  for  the  Rivers'  Pollution  Commission,  prove 
that  it  is  water  that  has  washed  a  dirty  atmosphere,  full  of 
products  of  respiration  of  animal  life,  animal  and  vegetable 
waste  and  decay,  and  fumes  of  manufacturing  processes, 
which,  carried  by  the  winds,  hang  suspended  until  conden- 
sation of  moisture  takes  place,  and  are  entangled  in  the 
minute  globules  of  water  forming  clouds. 

Half-a-pint  of  rain  water  often  condenses,  out  of  3373 
cubic  ft.  of  air,  the  quantity  of  air  a  man  would  breathe  in 
eight  days,  so  that  in  drinking  that  quantity  he  swallows 
an  amoimt  of  impurity  that  would  only  reach  his  lungs  from 
the  air  in  eight  days. 

The  lakes  of  Cumberland  and  Westmoreland  all  lie  in 
true  rock  basins,  excavated  beneath  the  ordinary  valley 
gradient  by  glacier  action.  Thirlmere  is  one  of  these 
natural  basins,  but  the  barrier  which  formerly  enclosed  the 
lake  has  been  partially  cut  through,  so  that  the  original 
level  of  the  lake  is  lessened.  The  proposed  projects  for 
utilizing  the  lake  for  Manchester  water  supply  involve  the 
restoring  of  this  barrier  by  an  artificial  embankment,  so  as 
to  raise  the  water  level,  and  give  a  greater  storage  capacity. 

The  available  rainfall  is  calculated  on  the  average  fall  of  a 
district  over  a  long  period  of  years,  but  the  amount  varies 
during  the  dry  years  of  that  period,  as  stated  by  Mr.  Bate- 
man  in  his  evidence  before  the  Royal  Commission  of  Water 
Supply,  "according  to  the  declivity  and  geological  character 
of  the  country,  and  its  cultivation,  and  the  amount  of  vegeta- 
tion— ^the  quantity  which  is  taken  up  by  vegetation,  or  is 
evaporated  or  lost  in  rivers,  varying  from  about  9  inches  to 
16  inches,  the  smallest  quantity  being  of  course  that  where 
the  rocks  are  hardest,  and  the  declivities  are  the  greatest,  so 
that  the  water  comes  down  in  floods.'* 


■ 

^^V  Bround 

^^H  raiufoll 

^^V  averagfl 

^^1  tion,  &t 


Irl  ibm  hoeh  Katrine  district,  and  in  the  'Welah  hilU 
around  the  aources  of  the  Sevein,  with  an  actual  avera^ 
rainfall  oi  76  inches,  he  takes  60  inchea  as  the  avftilable 
averagf^  of  which  not  less  than  12  would  be  loet  by  evaporv 
tion^  &i^  beiflg  a  mean  between  9  inches  and  16,  leaviDg  a 
produce  of  48  inches, 
ible  districts  oonsisting  of  the  older  rock» 
rinng  to  great  elevations,  the  dry  weather  flow  of 
due  to  springs  only,  amounts,  according  \a 
to  one-fourth  of  a  cubic  foot  to  three-fourtliB  of 
a  foot  per  aeeond  from  each  1,000  acres  of  area  drained, 
giTZBg  an  srerage  of  half  a  foot  per  second  for  a  drj'  season, 
wbilfl  flie  Tidume  carried  down  by  floods,  ranges  from  2U0 
to  (MK)  oobio  feet  per  second,  or  500  to  1000  times  the  dry 
ftow.  Beasrvoirs  impounding  these  floods  are  able  t», 
inonue  tho  useful  volume  of  the  stream  by  rotuming  one- 
fluid  to  one-fourth  of  them  as  compensation. 

Xha  amoimt  of  rainfall  in  a  mountain  district  eteaditp 
increases  in  direct  proportion  with  the  elevation  ap  to  t 
height  of  2000  feet,  which  falls  chiefly  on  the  side  neaicst 
the  direction  of  the  prevalent  rain  wind,  thus  the  wet  winda 
of  the  Lake  District  are  the  dry  of  Northumberland.  When, 
however,  the  hills  rising  to  3000  feet  are  breached  l^ 
valleys  of  lower  elevations  than  2000,  the  rain  olonds  am 
carried  through,  and  their  contents  precipitated  on  the  lee 
slope  of  the  hills  as  at  Wasdale  Head  and  BeddgelerL 

Similarly  at  Bivington  the  rainfall  ia  SO  inches,  while  on 
the  west  elope  of  the  bill  it  is  43,  and  at  Belmont,  in  the 
Bolton  Waterworks  district  eastward  it  is  53,  while  stil) 
farther  east,  in  the  valley  supplying  filackbom,  it  is  only  ^ 
At  Manchester,  again,  the  rain  is  38  inches,  eastward  at 
Denton  reservoir,  300  feet  above  the  sea,  34  inches,  at  New- 
ton 65  inches,  at  the  foot  of  the  hill  46^  inches. 
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Inches. 

Towards  the  head  of  the  valley 57*64 

On  the  east  side,  over  the  summit 58*50 

At  the  Sheffield  Waterworks 46*00 

At  Penistone 39 -00 

At  Sheffield  25*00 

Proving  that  equal  areas  of  country  of  similar  elevation 
do  not  receive  equal  amount's  of  rainfall. 

As  heavy  rainfalls  often  occur  in  the  areas  of  small 
annual  fall,  as  those  of  large  amounts — ^four  inches  of  rain 
have  fallen  in  an  hour  in  London. 

In  districts  like  the  Milhtone  Grits  and  Toredale  Beds  of 
the  area  drained  by  the  existing  Manchester  Waterworks, 
though  large  quantities  of  water  are  absorbed  by  the  porous 
sandstone,  and  the  water  supported  by  the  beds  of  interve- 
ning impermeable  shale,  the  rainfall  received  by  the  reser- 
voirs, has  been  found  to  be  no  less  than  33in.  out  of  a  total 
fall  of  45f in.,  the  average  of  dry  years.  This  small  loss, 
due  to  absorption  is  duo  to  the  fact,  that  the  springs  dis- 
charging the  percolated  waters  are  all  with  the  hydrographic 
basin. 

Of  the  string  of  reservoirs  supplying  Manchester,  extend- 
ing over  six  miles  of  country,  the  upper  one  has  an  em- 
bankment 90ft.  in  depth,  the  second  100ft.,  the  third  80ft., 
and  the  lower  two  56ft.,  constructed  of  a  puddle- wall  in  the 
centre,  with  slopes  of  clay  overlaid  by  shale  and  stone; 
slopes  3  to  1  on  the  iuside,  and  2  to  1  on  the  out,  and  pitched 
inside. 

One  of  the  earliest  embankments  made  in  Lancashire — 
the  Turton  and  Entwistle  Reservoir — is  108ft.  The  service 
reservoirs  of  the  Manchester  Waterworks  are  15ft.  to  20ft. 
deep  ;  at  less  than  15ft.  depth  it  has  been  foimd  that  vegeta- 
tion takes  place  upon  the  surface  of  uncovered  water,  the 
decomposition  of  the  vegetation  affording  food  for  animal- 
cula)  and  their  consequent. 
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Fkbmibjlblb. 
upper  Chalk. 


Upper  Greensand, 


Lower  GfreenBand, 


60ft. 
400ft. 


Porbeck  Beds, 
Portland  Oolite  &  Sands 


A 


60ft. 


Ck>ral  Bag  and  Calcareous  )  .q». 
Ghrit,  ) 


200ft. 


Combrashy  ) 

Gr.  Oolite,  ) 

Inferior  Oolite  and  Sands,  250ft. 

Keuper  Sandstones.  400ft. 

Upper  Mottled  Sands.  450ft. 

Pebble  Beds.  700ft. 

Low.  Mottled  Sands.  500ft. 


Impbriteablb. 
Lower  Chalk  (generally). 


Gault, 


Weald  Clay, 


Eimmeridge  Clay, 


Oxford  Clay, 


130ft. 


800ft. 


300ft. 


400ft. 


Fullers  Earth,  40ft. 

Lias,  500ft. 

Keuper  Marls. 

It  is  hardly  within  the  scope  of  this  paper  to  consider  the 
water  bearing  capabilities  of  the  Pertnian,  but  numerous 
deep  borings  that  have  been  made  in  different  parts  of  the 
country,  in  search  of  coal,  have  afforded  many  facts  of 
interest,  in  showing  the  extensive  denudation  of  the  carbo- 
niferous surface  and  still  older  rocks,  that  took  place  before 
its  deposition,  and  also  the  occurrence  of  springs  of  good 
water  lying  in  the  Trias  beneath  the  Lias  and  Oolites,  as 
at  Scarle,  near  Lincoln,  which  passed  through  the  follow- 
ing sequences  (classified  by  Professor  Hull) : — 

feet. 

Alluvial  or  drift  strata    IjQ 

Lower  Lias  (gypsum) 65 

Ehatic  beds 66 

NewRedMarl    573 

Lower  Keuper  Sandstone    244 

New  Eed  Sandstone  Bunter    542 

Upper  Permian  beds   384 

Lower  Permian  sands 16 

Carboniferous  (1900—2030) 130 
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nw  mter  occurred  at  a  depth  of  950ft.,  and  rose  6  foet 
abna  tiw  lorface,  and  niust  have  been  derived  from  an  ont- 
arap  tmlre  roilea  distant. 

i  the  borings,  of  wbioli  It  ia  needlees  to  give  Uu 
e  present  paper,  is  oq«  at  RAmpeide,  near  Barrow* 
I,  which  reached  a  depth  of  no  less  than  2210ft.  from 
a  fruitless  search  for  coal.  At  a  depth  of 
.  ■  Ving  of  water  was  cut  in  the  Penman  Bed 
which  yields  13,500  gallons  of  water  daUy 
flowing  anr  at  the  top  of  a  lin.  pipe,  and  rising  to  a  height 
cf'  ISfb  abore  the  surface  of  the  ground. 

Hm  rodkM  heneath  the  Permian  have  been  proved  by  the 
boring    to   be  of  Yoredale   uge,    the  coal    measures   being 
alMent,  u  itated  would  probably  be  the  ca^  by  Mr.  A\'Elinb 
nd  odier  geologists,  before  the  boring  was  carried  out. 
An  mtamting  feature  in  the  boring  is  the  presence 

□  the  Yoredale  Rocks,  near  thebottK)ni,  whtoh 
I  the  water,  cut  in  penetrating  the  sandstone,  to 
much  chained  with  oiL 

The  River  Pollution  CommiaaionerB  describe  the  Ifew  Bed 
Satidstone  Rock  as  the  most  effective  filtering  medium 
known,  being  at  the  same  time  a  powerful  destroyer  <A 
organic  matter,  every  trace  of  organic  matter,  aa  at  Si 
Helens  and  Tranmere,  being  converted  into  innoooou 
mineral  compounds. 

Occupying  so  vast  an  area — 10,000  square  milee — it  will 
be  only  possible  to  point  out  a  few  instances  of  the  great 
volume  and  purity  of  their  waters. 

At  Liverpool  not  less  than  6,000,000  gallons  per  day  aie 
pumped  off  an  area  of  10  square  nulea  by  the  Corporatioa 
Wells,  the  well  known  as  Green  Lane  Well  yielding  a  daily 
average  of  no  less  than  2,533,050  gallonsin  1875,  and  2,903,713 
gallons  in  1876 ;  the  Dudlow  Lane  1,103,307  gallons  in 
1875,  and  1,169,494  gallons  in  1876,  from  a  bore  hole  439fL 
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deep ;  the  Bootle  Well  1,399,791  in  1876.  This  well  is 
now  being  deepened,  as  an  experiment  to  test  the  water 
bearing  resources  of  the  lower  portion  of  the  New  Red 
Sandstone  of  that  district;  but  it  is  much  to  be  regretted 
that  a  site  was  not  chosen  east  of  Liverpool,  where  a  large 
drainage  area  would  have  been  available  for  the  percolation 
of  rain  into  imderground  springs. 

A  portion  of  the  20  square  miles  of  area  supplying  the 
Liverpool  private  and  Corporation  wells  is  built  over  or 
covered  with  impermeable  paving  in  the  streets;  and, 
further,  only  a  portion  of  the  eastern  area  is  bare  of  drift 
boulder  clay,  which  throws  off  the  rain  fall  in  surface 
floods,  though  a  portion  of  the  water  is  doubtless  absorbed 
in  passing  through  rock-cut  valleys.  The  evaporation  off 
this  stiff  clay  land,  exposed  as  it  is  to  the  influence  of  the  sun 
and  air,  is  doubtless  at  the  least  12  inches  per  annum,  and  the 
percolation  probably  not  more  than  5in.,  though  amounting 
probably  to  lOin.  in  the  area  bare  of  drift. 

Assuming  lin.  of  rain  to  give  22,427  gallons  per  acre, 
or  14,353,280  gallons  per  square  mile,  which,  spread  over  a 
year,  gives  a  daily  yield  of  about  40,000  gallons  per  square 
mile ;  the  drainage  area  with  lOin.  of  percolation  would  give 
a  daily  volimie  of  4  millions  of  gallons  off  10  square  miles, 
while  the  yield  is  6|  millions,  proving  the  water  in  the 
subterranean  supply  is  derived  from  an  area  outside  the 
immediate  surface  drainage  district,  or  else  this  water  flows 
in  from  the  river,  along  lines  of  faults,  or  that  they  act  as 
direct  ducts  from  other  areas.  That  the  water  is  abstracted 
from  the  surrounding  Sandstones  by  the  local  lowering  of 
the  underground  water-level  there  can  be  little  doubt. 

The  presence  of  sulphate  of  b'me  in  the  water  used  in 
brewing  at  Burton-on-Trent,  by  Messrs.  Bass,  Allsopp,  Salt, 
and  other  firms,  is  believed  to  give  the  Burton  water  its 
special  pre-eminence  in  the  manufacture  of  beer.      Mr. 
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Jfdhpuiix  bcliBTSB  the  large  amount  oi  calcareoua  ingredieata 
Iwn  iiiat  "inQt  (70  grains  in  an  imperial  gallon)  to  be  due  to 
iliet  inttr  dunlnbg  all  the  gypsum  of  the  Reaper  Marls  of 
yiadwooA  R«M^'  if rom  whence  it  flowa  down  the  dip  planea 
actlkft'ttnta  to  Hie  Surton-valley  faolt,  up  which  it  rises, 
ntl  tt  t^lfpea  llj  we  artesian  borings  of  the  breweries. 
"fifieift  ttttBBi  !P.R.S.,  iufoms  M>.  Molyneus  that  the 
gypwia  doxrad  irom  the  water  used  in  brewing  lOOO 
Ilii^slfc'tJif'U&'iranld  be  2501bs.;  so  that  assuming  Burton 
pAiilok  ta^BAiX^  1,400,000  barrels  of  ale,  no  less  tluo.^ 
86t^00w6s  of  du  mineral  will  be  drank  with  the  beet 
TttftH^  pini  ai'Ae  world.  Of  the  water  derived  from  the 
BlMun ^nilby 'CUk vels,  and  used  in  v'arious  operations  of 
Intrfi^  pitittiUll^  not  less  than  l.OSO.OOOlbs.  of  g,vpsiinL 
1^  te'm^odoi  cdt  which  Kr.  Molyneux  considers  will  not 
ij^tftwitot  aail'iBlift  of  the  actual  amount  of  gypsum  bmg 
tidiamlij  amiea  to  the  sea.  And  it  is  believed  that  many 
kwt'nfiiBmnBfes  nhich  have  tohen  place  in  various  parts  a^| 
ITeedwood  F<«est  are  due  to  the  fracture  and  sinking  n^ 
27psum  beds  corroded  by  underground  streams. 

Hie  water  recently  obtained  by  several  of  tlie  large  brew- 
ing firms  from  the  Keuper  Sandstone  and  Bunter  beds  nwe 
23ft.  above  the  level  of  the  valley,  proving  the  greet  hea^t 
of  the  sources  of  supply.  These  waters  were  softer  ihaa 
those  from  the  Marls  or  from  ithe  Valley  Qraveb,  the  pro- 
portion of  sulpliate  of  lime  being  mudi  less. 

At  Birmingham,  with  a  population  of  343,787  inhabitanti^ 
living  within  an  area  of  15  square  miles,  receiving  a  water 
supply  of  7,500,000  gallons  daily,  three-fourths  of  &b 
volume  is  yielded  by  wells  in  the  New  Red  Sandstone  of  a 
depth  of  130ft.  to  400ft.,  affording  water  described  by  tho 
Rivers  Pollution  Commissioners  as  "  of  a  uniformly  excellent 
quality,"  and  the  Perry  Well  "  being  one  of  the  best  waters 
for  dieteotic  and  domestic  purpoaea  they  ever  enooontered," 
The  yield  is  as  follows : — 
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Daily  Yield. 
GallB. 

Aston  Well  (120ft.  deep,  bore  400ft.) 3,500,000 

Perry  Well  (170ft.  deep,  12ft,  diameter)    . .  2,000,000 

Short  Heath  Well  (130ft.,  20in.  bore  to400ft.)  2,600,000 

King's  Vale  Well 500,000 

8,500,000 


The  water  of  the  Aston  Well  rises  8ft.  above  the  siuiace 
of  the  ground ;  that  of  the  Perry  Well  only  possesses  9*7 
degrees  of  hardness. 

At  Kiddenninster,  with  about  20,000  inhabitants,  excellent 
water  is  yielded  from  the  New  Bed  Sandstone  in  deep  wells, 
one  of  them  giving  100,000  gallons  per  day;  but,  strange 
to  say,  the  whole  of  the  supply  is  used  in  manufacturing 
purposes,  and  the  domestic  supply  is  entirely  derived  from 
dangerously-polluted  shallow  wells  and  streams. 

A  boring  of  great  interest  has  recently  been  made  at 
Burford,  west  of  Oxford,  which  has,  after  passing  through 
the  Oolites  and  598ft.  of  Lias,  10ft.  of  Rhatic,  291ft.  of  Red 
Marls,  and  137ft.  of  Red  Sandstone,  Conglomerate,  and 
Marl,  passed  into  true  coal  measures,  which  continued  to 
the  depth  in  which  the  boring  was  obliged  to  be  discontinued 
owing  to  the  small  size  of  the  bore  hole.  In  the  Carbon- 
iferous beds  occurred  true  coal-measure  plants,  and  a  coal 
seam  of  some  thickness. 

Professor  Hull,  F.R.S.,  has  described,  from  time  to  time, 
the  marked  south-easterly  attenuation  of  the  Triassic  and 
other  Lower  Secondary  strata,  and  has  given  the  following 
measurements : — 

Lancashire.    Stafford-    Leicester. 
FoBMATiON.  Wstershire.      shire.      Warwick. 

Eeuper  (  Bed  Marl 3000  800  700 

Series  ( Lower  Keuper  Sandstone      450  200  150 

-D     f      (Upper  Mottled  Sandstone      500  150  Absent 

^.      I  Pebble  Beds    500-750  100-300     0-100 

^™®  (  Lower  Mottled  Sandstone  200-500      0-100  Absent 


The  ifiifMiwe  from  the  Liverpool  district  to  that  of  Wu^ 
viok  u  abant  100  miles,  so  that  the  beds  have  thinued  it 
Dm  ioBmnng  nte  per  mile : — 

Fact  per  mild. 

Bidlfadi 23         1 

Ijnrar  Xmiper  Sandstone 3  !  26 

IhjMT  "KoopcT  Sandstone 5  ) 

nfiUaBed^   6^        I    ,, 

Larww  Koteled  Sandstone 6  (  "* 

OoB^txtng  tibOH  results  with  the  nttenuatioii  obserrsHi 
K  StiffivdBhire  and  'Wanrick,  half  the  diitance,  tlw' 
BCBL  to  be  very  much  less : — 

FeM  per  Mile. 

BeaXuts 2 

Lmnr  Xeuper 1 

BsnterBeds 9 

Widt  Ana  iMiilts,  the  estimated  thiclniesB  of  the  Barfori 
USm,  40  auW  waaOi  of  Warwick,  ahould  be  :— 

CalcnLitcd.  Actnal  TUckniK 

IWlfc* 620,      jj(,       ) 

Lover  Ktmptir  Sandstone  . .     90  )  [438  feet, 

Birnter  Series nil.  ) 

Proving  that  the  beds  have  thinned  eight  feet  per  mile 
southwards,  more  than  the  amouit  between  Staffordahire  and 
Warwickc^re,  that  the  attenuation  goes  oq  from  the  bottom 
upwards,  which  result  is  of  some  value  in  endeavouring  to 
ascertain  to  what  extent  the  Cretaceous  rocks  and  Oolitic  rocks 
of  the  South  of  England  may  he  underlaid  by  the  Trias,  and 
especially  the  water-bearing  portion  of  it. 

The  new  Crossness  boring  has,  after  passing  throng  the 
Gault  with  its  characteristio  basement  phosphate  bed,  reached 
a  marl,  with  coarse  partings  containing  pebbles,  which  is 
considered  by  Messrs.  Etheridge,  WHrrAKER,  and  myadf  to 
be  probably  referable  to  the  Trias,  and  it  is  a  matter  of  oon- 
siderable  scientific  interest  to  ascertain  its  thickness,  and  Ute 
nature  of  the  underlying  rock. 

If  a  line  be  drawn  at  right  angles  to  the  direction  of  the 
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line  of  attenuation  of  the  Trias,  through  Crossness  westwards, 
it  will  pass  through  Reading  and  Marlborough,  from  which 
line  Burford  is  only  25  miles  distant,  which  would  give  for 
the  Red  beds  an  estimated  thickness  of  178ft.  along  this 
W.S.W.  line  of  strike,  which  nearly  corresponds  with  the 
tract  that  Mr.  Godwin  Austen  believes  the  connection  of 
the  Belgium  and  South  Wales  coalfields  to  occupy. 

The  average  amoimt  of  hardness  of  the  water  of  the  deep 
wells  of  the  New  Red  Sandstone,  as  tabulated  by  the  Rivers 
Pollution  Commission  being  IT'O"*,  and  of  the  springs  from 
the  same  formation  no  less  than  18*8°,  the  relation  of 
hardness  of  water  to  the  rate  of  mortality  of  the  persons 
drinking  it,  becomes  a  matter  of  great  importance. 

The  Commissioners  give  three  tables  of  statistics  that  bear 
directly  upon  this  point. 

From  Table  I.  it  appears  that  in  twenty-six  towns, 
inhabited  by  1,933,524  persons,  supplied  with  water  not 
exceeding  5°  of  hardness,  the  average  death-rate  was  29*1 
per  1000  per  annum. 

From  Table  II.  we  learn  that  in  twenty-five  towns, 
inhabited  by  2,041,383  persons,  drinking  water  of  more 
than  5®,  but  not  exceeding  10°,  the  average  death-rate  was 
28-3  per  1000. 

In  Table  III.  we  find  that  sixty  towns,  with  an 
aggregate  population  of  2,687,846,  drinking  water  of  more 
than  10°  of  hardness,  the  average  death-rate  was  only  24*3. 

Of  the  towns  in  Table  I.,  none  are  supplied  from  the  New 
Red  or  Permian  Formations.  In  Table  11.,  three  are  so 
supplied.      In  Table  III.,  ten  are  so  supplied. 

From  which  it  will  be  observed  that  the  largest  number 
of  towns  supplied  with  New  Red  water  are  found  in  the 
tables  with  the  lowest  death-rate,  and  the  hardest  water. 

The  same  result  is  obtained  if  we  compare  towns  of  corre- 
sponding populations  and  occupations  supplied  from  surface 
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'  ^fias  with  soft  waters,  and  those  supplied  by  deep  welb  in  tie 
New  Red  Sandstone.  Thus :— Mancheater  with  3-51,189  in- 
habitants has  on  average  death-rate  of  320  per  1000 ;  while 
Birmingham,  with  343,787,  has  only  244,  And  again 
Stirling,  with  14,279  inhabitants,  has  an  avornge  of  26'I  pM 
1000;  while  Traumere,  with  16,143  inhabitants,  has  onlf 
18-8.  J 

Bat  it  may  poaeilily  be  objected  that  the  high  deatli-»ta  A 
of  Manchester  ie  not  due  to  the  softness  of  the  water 
supplied  to  the  inhabitants,  but  to  the  denaity  of  the  popu- 
lation, the  close  proximity  to  the  houses  of  cesspools  and 
ashpits,  and  the  wont  of  coi-e  cxpcrienoed  by  children  in  the 
manufacturing  districts.  An.d,  again,  that  the  low  death- 
rate  of  Traumere  is  due  to  the  constant  immigration  of 
adults.  And  that  these  averages,  being  dependant  on  w  J 
many  external  causes — not  due  to  the  purity  or  impuri^,  1 
hardness  or  softness  of  the  water  supply — ^ia  borne  out  hy 
the  facta  that  Greenock  and  Plymouth,  both  supplied  with 
soft  water,  with  an  equal  number  of  inhabitants,  have  a 
death-rate  respectively  of  32-6  and  233  per  1000,  dn«  to 
the  difieronce  of  density  of  population,  Greenock  only  having 
one  hoose  for  every  twenty-eight  peopla  And,  again, 
Liverpool  and  Birkenhead,  both  supplied  widi  moderatdy 
hard  water,  the  one  an  old  and  deoaely-popiilated  town, 
with  a  site  saturated  with  what  is  injurions  to  health)  Uw 
death-rate  is  34  per  1000 ;  f^hile  Birkenhead,  a  new  town 
on  an  open  site  with  wide  streets,  has  a,  death-rate  of  oalj 
24  per  1000,  thongh  mainly  inhabited  by  a  poor  and 
struggling  class  of  peraons. 

But,  at  the  same  time,  it  is  worthy  of  note  that  the  fire 
inland  manufacturing  towns  with  the  lowest  death-rate  an 
all  supplied  with  hard  water,  and  all  from  the  Hew  Bed 
Sandstone, 


417 


POPULATIOIf,    1871. 

MOBTAUTT  TWtL  1000 

pu  Amnm. 

Birmingham     

Lieicester   

343,787 
95,220 
86,621 

130,985 
68,291 

24-4 
27-0 

Nottinfirliam 

24-2 

Stoke-on-Trent 

W  olverhampton   

27-9 
25-9 

Average 

144,981 

25-5 

And  again  the  average  death  rate  of  12  inland  non- 
manufactaring  towns,  supplied  with  soft  water,  was  26*0  per 
1,000,  while  that  of  20  similar  towns,  supplied  with  hard 
water  was  only  23*2.  When,  however,  the  mortality  of  the 
district,  including  the  principal  English  watering  places,  are 
compared,  there  appears  to  be  little  variation  In  the  death- 
rate,  whether  the  population  be  supplied  with  soft,  moderately 
hard,  or  hard  water ;  so  that  it  may  be  safely  concluded, 
that  where  sanitary  conditions  prevail  with  equal  uniformity 
the  rate  of  mortality  is  practically  uninfluenced  by  the 
degree  of  hardness  of  the  water  drank,  and  Her  Majesty's 
Rivers  Pollution  Commission  are  of  opinion  that  "  soft  and 
hard  waters,  if  equally  free  from  deleterious  organic  sub- 
stances, are  equally  wholesome." 

Out  of  numerous  samples  of  water  from  shallow  wells  in  the 
LiaSf  analysed  by  the  Rivers  Pollution  Conmiission,  from  the 
Midland  and  Western  Ooimties,  only  two  were  found  to  be  fit 
for  drinking  and  cooking — ^those  of  Somerby  and  Somerton. 
The  total  proportion  of  solid  impurity  rarely  descends 
below  60  parts  per  100,000,  or  35  grains  per  gallon,  and 
mounts  up  to  215  grains  per  gallon,  the  hardness  being  so 
great  as  to  render  them  quite  unfit  for  washing.  These 
waters  are  also  seriously  polluted  by  the  presence  of  animal 
organic  matter,  which  largely  escapes  oxidation  through  the 
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non-porous  character  of  the  Lias,  the  Hhatlow  weUa  in  tin 
more  penaeahle  New  Red  SandstAne  bein^  much  freer  from 
organic  impurity. 

The  watorworka  well  at  Northampton,  191  ft  in  the 
Lias,  yields  a.  very  pure  water  of  only  10-3°  of  hardness,  of 
which  8'6°  is  temporary. 

Springs  from  the  Lias,  form  all  or  a  portion  of  the  waters 
supply  of  Cheltenham ;  Coaley,  Gloucestershire ;  Grantham ; 
Haydon,  near  Cheltenham ;  and  Ilminster,  Somerset,  the 
waters  arc  hard  though  clear,  colourless,  and  palatable,  and  i 
much  of  the  hardncse  is  temporary.  The  total  solid  im- 
purity is  36-41  parts  per  100.000,  or  3o.49  grains  per  gallon. 
— The  temperature  of  these  springs  ranges  from  8'°2  C  to 
I5'°0  C. 

Shallow  weUa  in  the  Ooliles  at  Bedford ;  Faringdon ;  Fronifl, 
Somerset ;  Thame ;  Warkton,  near  Kettering ;  and  Witney, 
Oxfordshire,  j'ield  very  hard  waters,  with  a  dangerooa  ■ 
quantity  of  organic  matter,  which,  being  chiefly  of  animal 
origin,  cause  several  of  them  to  be  clear  and  apparently 
palatable. 

Of  deep  wells  in  the  Oolites,  yielding  unpollated  water, 
may  be  mentioned  those  at  Scarboro',  from  a  bore  214  ft.  in 
depth,  at  the  Grand  Hotel ;  from  a  well  at  Berrywood, 
Northampton ;  from  the  Thames  head  well,  Oirenoeeter  (60ft. 
deep) ;  from  a  well  120ft.  deep  at  Stowe-oo-the-Wold, 
Gloucostershire, — alt  yield  clear  and  palatable  water.  The 
solid  impurity  contained  in  solution,  consisting  of  innocaoua 
salts  of  lime  and  magnesia,  the  average  amount  being  23'52'' 
grains  per  gallon.  The  proportion  of  organic  matter  is  ex- 
ceedingly small,  proving  the  Oolitic  rocks  ore  not  inferior 
to  the  New  Red  Sandstone  in  the  energy  with  which  tb^ 
Axidize  and  destroy  the  organic  matters  present  in  the  water 
percolating  through  them,  which  becomes  bright,  sparkling, 
and  palatable,  and  perfectly  wholesome. 
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The  exceedingly  permeable  character  of  the  Oolites  cause 
them  to  absorb  a  very  large  proportion  of  the  rainfall, 
which  charges  the  pores  and  fissures  of  these  rocks  with 
immense  volumes  of  water  of  a  hardness  of  20*6^,  but  capable 
of  being  softened  at  a  moderate  cost  to  5  •8''. 

Carbonate  of  lime,  of  which  the  Oolitic  Rocks  are  mainly 
composed,  is  soluble  in  water  containing  carbonic  acid, 
which  causes  the  springs  issuing  from  this  formation  to 
contain  a  large  amount  of  solid  impurity,  the  average  being 
29-69  parts  per  100,000— or  2078  grs.  per  gallon— the 
average  hardness  being  24**,  chiefly  of  a  temporary  nature. 

From  the  exceedingly  porous,  absorbing,  and  permeable 
nature  of  the  Oolitic  Bocks,  they  hold  a  vast  store  of 
magnificent  water,  which  is  thrown  out  in  springs  of  very 
large  volume,  which,  unfortunately,  are  rarely  used  by 
commimities  until  it  has  found  its  way  into  rivers,  in  which 
it  is  hopelessly  polluted. 

The  temperature  of  the  springs  ranges  from  8*'*1  to 
11®*8  C,  those  of  Cirencester  being  generally  about  lO'^'O  C. 

Mr.  J.  Bravender,  of  Cirencester,  has  given  an  exhaustive 
account  of  the  yield  of  springs  in  relation  to  the  geological 
strata  of  the  Upper  Thames  basin.  Within  this  watershed, 
on  the  south  side  of  the  river,  occur  the  Chalk,  Upper 
Greensand,  Gault,  Lower  Greensand,  Portland  Oolite, 
Kimmeridge  Clay,  Coral  Bag,  Oxford  Clay ;  and  on  the 
north  side  the  Oxford  Clay,  Kelloway  Bock,  Combrash, 
Forest  Marble,  Great  OoKte,  Fuller's  Earth,  Inferior  Oolite, 
and  the  Lias. 

Of  these  the  following  are  permeable,  and  absorb  a  large 
quantity  of  rain : — 

Inferior  Oolite.  Coralline  Oolite. 

Great  Oolite.  Portland  Bock  and  Sands. 

Combrash.  Greensand. 

Sandy  Bed  of  Forest  Marble.         Chalk. 
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A^pleMt^tii&iD  of  the  raiB  rnss  off  the  foUowmg  strata 

Uh Except  when  covered  with  gravel. 

.  Nearly  all  runs  off.     Area  very  small. 
.  Quarter  runs  off. 

QtlovA  Obf. Part  absorbed  by  surfaoe  gravel,  bot  aQ 

reaches  the  Thamfis. 
ffhwiHyOliy. .  Nearly  aU. 

6>^    Nearly  all  partly  reabsorbed  by  &t 

Green  sand. 

Hw  tirat  Cbatb,  Coin,  Windmsh,  and  Evenlode  deacend 
tihnra^  tiUcji  of  denudation,  the  Inferior  OoUtti  being  cut 
itacnf^  beloir  ito  junction  with  the  Lias,  which  throws 
ont  in  IprnigS  Uie  rainfall  which  has  fallen  on  the  Oolitio 
■m  aboTS}  vliioh  rainfall  would  have  been  lost  to  the 
^Cnamn  had  not  this  denudation  taken  place,  for  following 
Ute  Up  plBDM  of  the  strata,  it  would  have  been  taken  many 
fiet  nnder  tbe  bed  of  the  river,  both  as  regards  the  sheet  of 
water  supported  by  the  Fuller's  EarOi  and  the  Lias. 

A  very  large  proportion  of  the  rainfall  of  the  Great 
Oolite  and  Kelloway  Rook  descends  through  these  fiw- 
mationa  to  the  Fuller's  Earth,  on  which  retentive  olay  is 
acoumulated  the  enormous  quantity  of  water  found  passing 
down  the  dip  planes  of  the  strata,  until  arrested  by  faulty 
which  cause  a  portion  of  it  to  issue  as  springs,  the  principal 
of  which  are 


BoHwell  Spring. 

October,  1864 — dry  October 
—yielded  1,1000,00  gal- 
lons per  day. 

Ewen  Spring. 

Abney  Spring. 

Bibury  Spring. 

Ablington  Spring. 

'Winion  Spring. 


Three  intermittent  Qtringa : — 
Winterwell. 
Thames  Head. 
Thames  Head,  near  Tewkt- 
bury  Quarry. 
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In  addition  to  this  three  million  gallons  of  water  is 
)umped  up  from  the  Fuller's  Earth  by  the  engine  at  the 
rhames  Head  well,  for  the  supply  of  the  Thames  and  Severn 
]!anal.  The  whole  of  this  water  would  otherwise  flow  down 
he  dip  plane  of  the  strata,  and  be  lost  to  Thames  vale. 

The  principal  loss  to  the  basin  of  the  Thames  is  in  the 
krea  occupied  by  the  Inferior  Oolite — about  106  square 
oiles.  In  the  river  Arun,  in  three  miles  run  over  porous 
jiferior  Oolite,  there  was  a  loss  of  100,000  gallons  per  day. 

Lyreford  spring  yields  3,000,000  gallons  per  day  to  the 
iver  Coin.     This  river  loses  much  of  its  water. 

*  « 

The  late  Professor  Phillips  suggested  the  making  of 
embankments  across  some  of  the  porous  beds  of  the  Oolitic 
ributaries  of  the  Thames  above  Oxford.  It  was  objected 
hat  were  the  water  thus  forced  back  up  the  dip  planes  of 
he  strata,  it  would  flow  into  the  deeper  valleys  of  the 
ributaries  of  the  Severn,  on  the  other  side  of  the  surface 
Tuterahed. 

Mineral  Water  of  St  Clemenfsy  Oxford. — ^Professor 
?KESTwiCH,  in  a  paper  read  before  the  Ashmolean  Society, 
lescribes  the  character  of  the  water  now  issuing  from  an 
Ttesian  bore-hole  carried  420  feet  through  the  Oxford  clay 
nd  Oolitic  strata  in  1832.  An  analysis  by  Mr.  Donkin 
>roves  this  water  to  contain  1277  grains  per  gallon,  a 
[uantity  not  exceeded  by  many  of  the  Continentai  saline 
raters.  In  the  large  proportion  of  sulphates,  this  water 
aost  nearly  resembles  some  of  the  German  mineral  waters, 
uch  as  Friederichshall  and  Eehme,  than  those  of  England; 
or  that  of  Cheltenham  only  contains  694  grains  of  saline 
Qgredients^  of  which  104  grains  per  gallon  consist  of  sul- 
phate of  soda,  which  at  St.  Clement's  amounts  to  357  grains. 

The  escarpment  of  the  North  Downs  chalk  hills  of  Wilt- 
hire,  Oxfordshire,  and  Buckingham  are  fringed  with 
prings,  some  times  on  the  top  of  the  Chalk  Marl,  some- 
imes  well  down  in  it. 


The  waters  from  the  Orivnaattd  and 
good  and  wholesome,  though  generally  too  hard  for  washing 
tat  they  can  be  ^ftened  by  Clarke's  process.  From  ^ 
poniks  nature  of  these  rocks  the  organic  matter  contained  in 
Vita*  pasaing  through  is  readily  oxidized.  The  protoxidf 
of  inn,  nearly  always  occurring  in  the  Qreensands,  has  ila) 
s  zodDcing  effect  on  the  nitrates  and  nitrites  present  in  tlia 
'WBIh',  removing  their  oxygen  and  transforming  a  portion  (S 
Hh/mt  nitrogen  into  ammonia.  Sometimes,  also,  the  gulphi 
pmiORt  are  attacked,  and  sulphuretted  hydrogen  generatoi, 
ft*  odour  and  flavour  of  ^rhich  is  observable  when  the  watem 
an  Crst  drawn  from  the  well,  and  which  disappear  viHi 
aoqiOfeure  to  the  air. 

Hie  deep  wells  at  Ashford,  Cambridge,  Eaatboum^ 
IVftiestone  WatDfworka,  Swanage,  Gosport  Waterworks 
•ad  Ventnor  Waterworks  derive  their  mipply  from  tho 
Inmr  Greensand.  The  deep  well  at  the  Workhouse  Schot^ 
BMT  Brighton,  throngh  the  Chalk  and  Gault,  also  reacbn 
thia  formation  at  a  depth  of  1285ft.,  the  water  obtained 
being  remarkably  soft. 

Anticlinal  rolls  in  the  8onth>East  of  England  haTO 
exposed  the  Atherfield  clay  at  the  base  of  the  Lower  Green- 
Band  in  some  valleys,  which  throw  oat  very  powerful  apringt 
at  the  base  of  the  Hythe  Beds,  around  Riverhead,  and  Bnd- 
boum,  met  with  in  enormona  quantities  in  driving  the 
railway  tunnel  west  of  Sevenoaks,  it  being  calculated  diat 
no  less  than  two-thirds  of  the  rain&Il  (28  inchee)  of  this 
area  sinks  into  the  groood. 

In  the  Hindhead,  Leith  Hall,  and  Black  Down  district 
Mr.  Topley  calculates  the  daily  yield  of  the  Lower  Green- 
aand  at  27  million  gallons  of  water  under  1°  of  hardness 
becoming  harder  as  it  flows. 

The  plentiful  supplies  derived  from  this  formation  hare 
been  suggested  as  suitable  for  the  requirementa  of  Londoi^ 
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but  unfortunately  it  appears  to  narrow  its  area  around 
the  ancient  palaeozoic  ridge  underlying  the  metropolitan 
area,  though  450  feet  in  thickness  in  Reigate,  and  200  feet 
in  Bedfordshire. 

The  boring  at  Meux's  Brewery  has  established  its 
occurrence  for  the  first  time  in  the  London  district,  but  it 
is  of  an  exceedingly  compact  nature. 

ChmlL — ^This  formation  I  found  to  be  130  feet  thick  at 
Folkestone,  and  to  be  capable  of  division  into  11  beds  or 
zones  characterized  by  distinct  organism.  The  first  and 
eighth  zones  consisting  of  phosphatic  seams,  the  upper  seam 
dividing  the  Upper  Gault  from  the  Lower  Gbult,  the  lower 
seam  the  latter  from  the  Folkestone  beds. 

This  basement  bed  was  present  in  the  Gault  of  the 
Kentish  Town  well,  where  the  Gtiult  reaches,  according 
to  Mr.  Prestwich  (Q.J.G.S.,  vol.  XII.  p.  9),  a  thickness  of 
101|,  at  the  Crossness  well  it  is  over  140,  at  Arlesay  Limatic 
Asylum  204,  at  ELitchin  (probably)  214. — (Whitaker.) 

Upper  Oreen  Saiid. — ^My  colleague,  Mr.  Topley,  has  very 
ably  pointed  out  the  relation  of  the  parish  boundaries  of 
the  South-east  of  England  to  the  great  geological  escarp- 
ments, due  in  great  measure  to  the  early  settlement  of  these 
regions  on  districts  affording  water  supply  for  our  ancestors. 

The  villages  invariably  stand  at  the  foot  of  the  chalk 
escarpment  here  as  in  Yorkshire ;  where  the  Upper  Green- 
sand  is  present  they  stand  upon  it ;  if  absent  on  the  basement 
beds  of  the  chalk,  which  form  good  arable  soil,  and  throw 
out  springs  supported  by  the  Gault  beneath,  the  parishes 
invariably  ascend  the  escarpment  and  extend  to  the  crest, 
and  but  rarely  descend  the  slope.  This  is  true  of  the  whole 
chalk  region  of  England,  the  long  diameter  of  the  area  of 
the  parish  corresponding  to  the  dip  of  the  beds.  This  I  have 
found  to  be  also  the  case  in  the  Yale  of  the  Eden,  where  the 
villages  occur  on  the  Permian  sandstone,  and  the  parishes 
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etfsnS  up  the  mountain  limestone  oscarpmoit  tlirown  up  by 
the  Pennine  fault. 

South  of  the  Weald  there  are  no  less  than  35  villages  on 
the  Upper  Grt'ensand  in  Susses,  and  13  in  Hampahire,  while 
«Q  the  Gault  there  is  only  oue  m  Sussex,  and  noneinHanta. 
No  leas  than  119  parishes  ascending  the  chalk  esoarpmeu^ 
their  villages  lying  helow  it.  ^ 

The  Cha/k  Marl  of  England  is  generally  rather  ocanpsct^ , 
and  of  a  more  clayey  nature  than  the  whif«  cbalh.  No 
water  was  found  in  it  in  the  deep  borings  of  Kentish  Town, 
Harwich,  Southampton,  or  Calais,  and  in  the  French  and 
Belgian  coaltiolds  it  is  perfectly  impermeable,  keeping  the 
water  of  the  upper  chalk  from  the  coal- workings.  But  in 
England  water-bearing  fissures  sometimes  occur  like  that  at 
Ising  cutting  (Stephenson),  yielding  1,000,000  galls,  per  day. 

The  Todcrn/ioe  Sfone  is  a  rather  sandy,  hard,  dark  Ume- 
Btonc,  with  occasional  dark  g^een  grain,  and  a  few  hatd' 
dark-brown  nodules  and  fossils,  forming  the  top  of  Oa 
chalk  marl,  about  80ft.  above  the  ITpper  Greensand ;  it  has 
been  traced  by  the  Geological  Surrey  from  Henton,  on  the 
eastern  edge  of  Oxfordshire,  to  near  Hitohen,  in  ^otfrad- 
shire. 

It  follows  the  windings  of  the  various  chalk  combe,  and 
is  often  the  water-bearing  bed  from  which  many  springs  at 
the  base  of  the  chalk  escarpment  rise ;  it  weathers  flftggy, 
and  is  sometimes  quarried  in  large  blocks.  It  is  oftra  in 
two  or  more  beds  split  up  into  soft  mart. 

Loteer  chalk,  400ft.  to  500ft  thick  in  Kitchen  and  district, 
extends  up  to  the  "chalk  rook,"  nearly  at  the  top  of  the 
escarpment.  Fbof.  Anstsd  observes  that  "  the  bottom  beds 
of  the  ohalk  are  usually  of  lower  specific  gravi^  than  the 
upper"  (Proc.  Inst.  C.E.,  voL  ix.,  p.  361),  and  regards  the 
upper  ohalk  as  the  conductor,  and  the  lower  chalk  as  the 
containing  portion. 
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The  Chalk  Marl  on  the  tract  between  London  and  Hants 
Basin,  forms  a  rich  soil,  suitable  to  the  growth  of  hops, 
wheat  and  clover  at  Selbome.  It  was  described  by  White 
as  decomposing  into  white  malm  or  natural  marum. 

Mr.  Bristow  describes  the  chalk  between  Basingstoke  and 
Mitchedever,  and  near  Andover,  as  "  dry,  bare,  and  open 
country,  comparatively  free  from  the  growth  of  timber  in 
consequence  of  the  absence  of  drift,  which  produce  a  '  more 
luxuriant  and  picturesque  appearance." 

Chalk  absorbs  the  largest  proportion  of  the  rainfall  of 
any  rock,  yielding  it  in  deep  wells  in  a  condition  of 
purity  from  organic  matter  unsurpassed  by  any  other 
geological  formation ;  and  it  constitutes  a  vast  underground 
reservoir,  in  which  the  water  is  not  only  kept  pure,  but  is 
preserved  at  a  imiform  temperature  of  about  10"  C.  (50**  F.), 
rendering  it  cool  in  summer,  and  keeping  it  far  from  freezing 
in  winter. 

Every  1,000,000  gallons  of  water  drawn  from  the  chalk 
carries  with  in  solution,  on  an  average  1^  ton  of  the  chalk, 
through  which  it  has  percolated,  causing  an  additional 
storage-room  for  110  gallons  of  water ;  so  that  the  yield  of 
a  well  draining  a  given  area,  other  things  being  equal, 
ought  to  gradually  increase  in  yield,  imtil  the  maximum 
limit  of  permeability  is  reached. 

As  examples  of  deep  wells  in  the  chalk  may  be  mentioned 
those  at  Dover,  in  the  Castle,  367ft.  in  depth ;  Great 
Grimsby,  300ft. ;  Norwich  artesian  well  400ft. ;  Basing- 
stoke, 340ft. ;  Caterham  Waterworks,  490ft. ;  Deptford 
Kent  Waterworks,  260ft.;  Plumstead  K.W.W.,  600ft.; 
Sittingboume  W.W.,  400ft. ;  Nettlebed,  378ft. ;  Tring, 
Chiltem  W.W.,  507ft. ;  Winchester  W.W.,  200ft. 

The  total  solid  impurity  dissolved  in  the  water  of  these 
and  a  large  number  of  other  chalk  wells  (in  all  66),  was  36*88 
parts  per  100,000,  or  25*72  grains,  per  imperial  gallon,  but 


f  ooaisiating  of  bicarbonate  of  lime,  which  is  innoc 
tgltoOtiL 

Where  the  chalk  passes  undor  the  London  clay,  it  become* 
more  oompftct,  and  consequently  leas  permeable,  and  Ha 
r  of  the  water  has  altered,  the  total  solid  impurity 
78U9  parts  per  100,000,  or  5466  grains  per 
:aIlon,  tt  large  portion  of  which  often  conaisti 
ol  IlioutiDnate  of  soda. 

¥toL  Pbestwich,  F.R.S.,  who,  since  the  publication  ol  hi* 
"  bqiilr}'  into  the  Water-bearing  Strata  around  London,  in 
1861/'  has  continued  to  add  so  much  to  oiu'  knowledge  oq 
Qm  taibjtct,  has  pointed  out  that  the  dip  slope  of  the  Chalk 
ieoot  in  section  a  straight  inclined  plaae,  but  some  fonn 
of  Tsruble  curve,  causing  the  water-bearing  beds  to  d^ 
towud*  the  outcrop  as  well  as  in  the  direction  of  the  dljH 
iriiioh  explains  the  origin  of  the  numerous  powerful  springa 
iflBoing  from  the  top  of  the  Chalk  Marl  and  Grey  Chalk  at 
the  bus  of  the  Downs,  overlootdsg  the  older  fonuationa.      , 


Chalk. 


Gsolt 
Where  the  ridge  of  the  curve  x  is  lower  than  the  oatonp 
of  the  bed,  the  water  ascends  the  curve,  which,  there  being 
no  communication  with  the  surface,  acts  as  a  syphon,  and 
drains  off  all  the  water  between  x  and  s,  and  the  spiisg 
ceases  to  flow  until  recharged,  which  explains  the  origin  of 
the  intermittent  springs  of  Lavaat,  in  Sussex ;  the  Bonnu^ 
near  Croydon ;  and  several  at  the  foot  of  the  Chalk  Downa  it 
Folkestone,  in  Kent. 
In  Folkeetone  district,  after  a  careful  etody  of  the  Chalk 
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for  some  years,  I  think  there  is  a  tendency  for  joints  and 
fissures  to  disappear  in  depth,  and  the  lower  beds  to  be  more 
compact  and  homogenous.  Powerful  springs  like  that  of 
the  Lydden  Spout  are  rare.  The  water  obtained  from  the 
wells  of  the  various  farmhouses  on  the  Downs  south  of 
Dover  draw  upon  an  underground  sheet  of  water  travelling 
down  the  dip  with  an  exceedingly  slow  movement,  and 
saturating  the  lower  beds  to  the  extreme  limit  of  their  per- 
meability. This  surface  of  saturation  is  but  little  above  the 
sea-level  in  Eastweir  Bay,  and  eventually  dips  beneath  it; 
and  fresh  water  may  be  seen  issuing  between  tide-marks  on 
the  shore. 

The  fact  that  the  fissures  are  rarer  and  joints  less  open  as 
lower  levels  are  reached  make  it  exceedingly  improbable,  even 
if  the  sea  bottom  of  the  Straits  of  Dover  consisted  of  bare 
Chalk,  which  for  the  most  part  is  not  the  case,  that  any  fissures 
occur  which  might  conduct  the  sea  into  the  workings  of  the 
proposed  Channel  Tunnel,  for  which  the  preliminary  headings 
are  now  making  good  progress,  though  there  can  be  no 
doubt  that  the  operations  being  carried  on  below  the  Umit 
of  permanent  saturation  of  the  chalk  that  large  bodies  of 
water  will  be  met  with. 

But  this  is  no  insuperable  difficulty.  For  the  timnel 
for  sewerage  works,  already  constructed  beneath  the  sea- 
level  by  Sir  John  Hawkshaw,  no  less  than  8600  to 
10,000  gallons  of  water  were  pumped  per  minute  by  12 
pumps,  worked  by  engines  of  160  horse-power;  in  the 
Channel  Tunnel  it  is  proposed  to  provide  for  2000  horse- 
power. The  approach  to  the  Tunnel  will  penetrate  the 
White  Chalk  at  a  gradient  of  1  in  80,  and  on  reaching  the 
Grey  Chalk  beneath,  in  which  it  is  proposed  to  drive  the 
Tunnel,  the  water-bearing  beds  will  doubtless  be  left  behind. 

The  numerous  wells  sank  at  or  near  the  sea-coast,  as  that 
at  Worthing,  400ft.  deep;  Margate,  374  feet  of  Upper 
Chalk;  and  at  Dover  Castle,  prove  the  pressure  of  ocean 


mter  IB  not  sufficient  to  pcnetr&te  the  stratB.  wKich  is 
fordier  ««^wrlcd  by  the  dryness  of  collieries  and  copper 
mines  woAwl  under  the  sea,  and  the  plentiful  Bupplr  ol 
inth.  mter  obtained  in  the  Brtedan  weLU  sank  in  &e  sta  si 
flMfi^i&ead  Forts. 

If  du  plane  of  saturation  by  artificial  taeons  were  lowered, 
flm  flnnna  or  outlets  which  allow  the  escape  of  fresh  wat« 
«t  or  boiMth  the  sea-level  would  ocr  longer  have  sufficient 
IukI  oar  pressure  to  force  back  the  sea  water,  and  the 
SM  mmU  flow  in.  This  has  occurred  at  Calais,  where,  in 
an  liliBiiiiiNWi fill  boring  for  water,  a  brackish  spring  was  met 
in  the  Upper  Chalk,  at  160  metres,  or  70ft.,  and  PaleoKiie 
RMka  at  886  metres.  These  latter  rocks  in  France  sad 
Belginm,  with  their  productive  coal  basins,  are  protected 
from  tiie  mter  in  these  exceedingly  porous  beds  of  TTppw 
OhallE  by  Ae  very  impermeable  Chalk  Marl,  which  conlaini 
a  lazge  proportion  of  nrgilhiceous  matter  and  silicia. 

AtFdkeatone  above  6,000,000  gallons  are  daily  delivered, 
derived  in  winter  from  chalk  springs,  which  in  somsur 
diminish  in  volume,  and  the  supply  is  taken  from  weUs 
sank  through  the  Ganlt  to  the  Lower  Greensand,  which  aw 
capable  of  yielding  half  a  million  gallons  dailj.  The  water 
is  very  hard,  no  less  than  32°,  but  of  a  character  that  wonM 
be  reduced  to  less  than  8°  of  hardness  by  Claim's  process 
which  is  now  adopted  at  Canterbury,  Tring,  Aylesbniy, 
Caterham,  Red  Hill,  and  other  places  with  great  Bocoess  for 
a  similar  class  of  waf«r. 

It  is  a  curious  fact  that  these  hard  spring  and  well  watery 
though  clear  and  bright  when  first  obtained,  become  oovCTsd 
with  a  confervoid  growth  when  exposed  to  the  simli^t  in 
open  reservoirs. 

In  the  Thames  valley  and  in  those  of  its  tributaries,  1233 
square  miles  consist  of  impervious  clay,  and  3676  squire 
miles  of  permeable  strata,  of  which  the  most  important,  » 
yielding  deep-seated  and  constant  springs,  are  the 
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Bagshot  Sands •     211^  square  miles. 

Chalk 1047J 

Upper  Greensand 126  „ 

Great  and  Inferior  Oolite. . .  •     327  „ 

The  average  rainfall  of  this  area  during  eleven  years  was 
found  to  be  27*74in.,  of  which  only  9*25  was  discharged, 
and  no  less  than  17*30  evaporated,  or  66  per  cent.;  half  the 
discharge  being  due  to  springs,  or  17  per  cent.,  the  other 
half,  to  floods. 

The  discharge  from  springs  is  due  to  the  slow  percolation 
through  the  rocks,  and  in  the  case  of  the  chalk  is  probably 
not  given  off  till  many  months  after  it  is  received.  At 
Nettlebed,  eight  miles  from  the  Thames,  the  head  of  water 
in  the  chalk  is  300ft.  above  the  river ;  from  it  the  line  of 
saturation  dips  to  the  river  at  37ft.  per  mile,  gradually 
diminishing  to  7ft.,  according  to  Mr.  Harrison,  who  regards 
the  ohalk  there  as  an  inverted  reservoir,  from  which  water 
will  continue  to  flow  until  its  gravity  only  equals  the  capil- 
lary attraction  of  the  chalk,  which  condition  does  not  arise 
even  after  240  days'  drought,  when  the  springs  remain 
constant  in  volume,  unlike  those  of  the  oolites,  which,  though 
they  have  a  rapid  discharge  in  winter,  from  their  not  being 
very  deep-seated,  diminish  largely  in  summer. 

Mr.  Harrison  found,  in  September,  1865,  that  the  Thames 
received  from  the  chalk  over  which  it  flowed  no  less  than 
80,000,000  gaUonfl  a  day. 

One-third  of  the  average  Thames  winter  discharge  is 
derived  from  the  oolite  of  Oxford,  and  only  one-eighth  of 
its  summer  discharge,  showing  the  rapid  discharge  from 
this  porous  rock  receiving  a  heavy  rainfall. 

According  to  Mr.  Beadmore,  the  chalk  springs  fall  almost 
to  a  minimum  in  November,  after  a  hot  summer,  when  there 
is  no  rain  in  October ;  but  the  absolute  miTiiTmim  is  not  felt 
until  the  following  September,  so  that  the  storing  power  of 
the  chalk  is  sixteen  months.     The  constantly-diminishing 


springs,  not  rqjlenished  by  the  winter  rain  of  the  yea 
I>efore,  which  ha-'i  not  time  to  get  down  to  the  lower  beds  of 
the  chalk,  though  it  feeds  the  land  springs. 

The  first  inch  of  October  rain  after  a  dry  summer  is  lait, 
taken  up  by  vegetation ;  suj-face  springs  are  replenished, 
and  after  a  week's  rain,  begin  to  flow  again,  as  the  large 
spring  at  Woobner  Park, 

The  chalk  hills  north  and  south  of  the  Tertiary  basin  rf 
the-  valley  of  the  Thames  around  rise  to  a  height  of  40<)fL 
to  800ft.  above  Ordnance  Datum,  plunging  under  the 
Tertiaries  at  an  average  elevation  of  oOft.  to  100ft.  The 
whole  of  the  Tertiary  tract  being  stiff,  impermeable  cUt, 
the  chalk  beneath  is  completely  cut  off  from  any  possibility 
of  percolation  from  above,  and  all  water  existing  in  it  must 
have  travelled  down  the  dip  from  the  outcrop  of  the  base  ol 
the  Tertiaries,  which  extend  for  a  distance  of  260  miles, 
much  of  the  chalk  area  beyond  this  limit  is  co' 

impermeable  clay— with   flints  and  boulder  clay,      

in  Essex,  Herts,  Berks,  Oxon,  and  Backmg^uunahiia 
Probably  much  of  the  rain  falling  on  these  tracts  is  abmrbed 
by  the  bare  chalk  on  the  sides  of  the  hills  and  exposed  in 
the  valleys,  and  ev  n  in  districts  that  are  bare  of  drift, 
though  the  chalk  is  exceedingly  porous,  and  will  absorb  two 
gallons  to  the  cubic  foot,  or  one-third  of  its  bulk,  and  its 
surface  cracked  and  fissured,  it  is  probable  that  no  exten- 
sive percolation  of  rain  takes  place  until  after  long-oontinoed 
rains  have  saturated  the  first  few  feet  of  chalk  beneath  the 
vegetable  mould  that  water  sinks  down  to  low  levds  The 
water  that  lodges  on  the  surface  held  by  capillary  attraotim 
is  doubtless  returned  to  the  atmosphere  by  evapotation  or 
indirectly  through  the  vegetation,  which  Pbofessob  PaEsr- 
wicH  points  out  in  the  origin  of  the  permanent  verdan 
of  the  chalk  downs,  notwithstanding  their  dryness. 

The  line  of  saturation,  or  plane  of  chalk  fully  charged 
with  ymtev,  slopes  from  the  level  of  the  ontoiop  of  tits 
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impermeable  beds  supporting  the  water,  in  the  direction  of 
the  dip  of  the  strata,  but  not  always  exactly  to  an  equal 
amount,  the  gpcadient  being  modified  by  the  area  of  local 
supply,  lithological  character  of  the  beds,  intercepting 
influence  of  faults,  numbers  of  joints  and  fissures,  collecting 
and  conducting  the  water,  and  other  circumstances.  In 
Herts,  according  to  the  Rev.  Mr.  Clutterbuck,  the  slope  is 
13ft.  per  mile  from  Dunstable  to  Watford. 

When  valleys  have  been  cut  sufficiently  deep,  the  water- 
bearing   stratum  is  reached,   and  from  what  have  been 
called  *'  areas  of  overflow/'  in  which  the  rainfall  absorbed 
by  areas  at  higher  elevations  is  yielded  in  springs,  which 
feed  numerous  streams.     In  artesian  wells  sank  in  these 
tracts  the  water  rises  to  the  top  of  the  boring,  and  often 
much  above  it,  as  at  Kingston  (Hodgson's  Brewery,)  the 
water  rose  6ft.  above  the  surface,  or  31ft.  above  Ordnance 
datum.     The  large  numbers  of  wells  that  have  been  sunk  in 
the  metropolitan  district  during  the  last  fifty  years  have 
caused  a  permanent  depression,  and  the  demand  being  greater 
than  the  supply,  large  numbers  of  springs  have  ceased  to 
run  and  wells  to  overflow,    and  the  volume  of  those  still 
running   have   much   diminished.     In  consequence  of  the 
steady  fall,  the  engines  of  the  Croydon  Waterworks  have 
had  to  be  lowered  20ft. 

There  are  numerous  wells  of  this  class  in  London,  amongst 
which  may  be  mentioned  that  at  the  National  Gallery, 
Trafalgar  Square,  883  feet  deep;  at  the  Royal  Mint;  at 
Barclay's  Brewery,  367ft. ;  at  the  Midland  Railway  Station, 
St.  Pancras,  300ft. ;  at  the  Albert  Hall,  401ft. 

Of  wells  of  the  same  class,  in  other  districts,  may  be 
mentioned  that  at  Witham  in  Essex,  600ft.  in  depth  ;  that 
at  Braintree,  Essex,  430ft. ;  and  Harrow,  408ft. 

The  additional  impurity  in  the  waters  from  the  chalk, 
overlaid  by  the  London  clay,  is  probably  derived  from  the 
Lower  Tertiaries — ^Thanet  Sands  and  Woolwich  Beds — 
which  occur  between  the  chalk  and  clay. 
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Bou  in  deep  welk,  in  the  chalk, 
the  water  is  sometimeB  polluted,  through  feoakage  from  the 
superficial  depoait§  around  the  shaft  of  the  veil,  or  throng 
open  fiMiirea  in  the  rock  through  which  the  well  is  sunk; 
but  in  all  cases  the  rc^^ult  of  analysis  show  that  the  watx 
had  gained  access  to  the  well  without  the  purification  whidi 
invariably  results  from  the  passage  of  water  through  ■ 
thick  stratum  of  porous  and  aerated  rock.  Amongst  welli 
of  this  class  in  the  chalk  may  be  enumerated  that  at  Carif- 
brook  Castle,  S.W.,  240ft.  in  depth;  Graveaend  fiaiiway 
Station,  70ft.;  Great  Bookham.  Surrey,  101ft,;  Harwich, 
380ft. ;  Coloheeter,  400ft.  ;  the  latter  being  in  chalk  nnder 
the  London  Clay. 

Po«itioa.  FormalioD. 


Depth, 
leet. 


Oentotgndi. 


Brighton    Chalk 

Bury,  St.  Edmond's  .  . , .        — 

Canterbury    — 

Deal    — 

Dorchester — 


Dover     

Dnnbridge,  Hants. , 
Great  Grimsby . . . . 

Hull   

Ipswich 

Bamsgate 

Amwell,  N.R.C.    . , 


Basingstoke  . 

Belvidere   

W^eathamstead    

Bushey  Station 

Caterham  Works 

Crayforf  K.  W.  Co. . . . . 

Croydon     

Deptford    

Gravesend 

Nettlebed 

Flumpatesd   

Kidmore  End,  Beading... 


(160 

9-6 

•  •  ( io»  • 

■  100 

.  .   

.   5-0 

— 

.  108 

. .  115  . 

.  I13 

. .  130  . 

.   8-3 

(220 

11-3 

•  ■  1 367  • 

•  13D 

.  169  . 

.  11-5 

..  300  . 

.  11-5 

.  11-5 

..  . 

9-0 

. .  100  . 

.  10-0 



.  11-0 

.  340  . 

.  11-2 

..   70  . 

.  11-5 

..  176  . 

.  10-3 

. .  249  . 

.  100 

. .  490  . 

.  11-2 

..  200  . 

.  11-4 



.  13-6 

..  250  . 

.  12-2 

.  200  . 

.   9-7 

.  318  . 

.  101 

..  600  . 

.  120 

..  180  . 

.   8-3 
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At  Calais,  the  Cretaceous  strata  runs  directly  on  the 
Carboniferous,  at  a  depth  of  1032ft. ;  at  Guines,  in  Devonian, 
at  674ft. ;  at  Ames,  French  Flanders,  on  coal  measures,  at 
424ft.,  so  that  the  denudation  preceding  the  Cretaceous  era, 
especially  that  portion  lying  below  the  Gault,  was  very 
extreme;  and  it  is  worthy  of  note  that  the  Gtiult  is  the 
lowest  member  of  English  Cretaceous  era  over  a  large  area 
in  the  south-western  counties,  where  it  rests  transgt'essively 
on  older  and  older  beds.  At  Black  Yen  it  has  thinned  away 
to  a  part  or  representation  of  the  Upper  Gault  only. 

In  the  Crossness  boring  the  Gault  is  present  in  great 
force,  and  its  basement  bed  well  marked,  resting  on  what  I 
consider,  with  Messrs.  Etheridge,  and  Whitaker,  to  be  part 
of  the  Triassic  series,  reaching  a  thickness  of  428ft. 

From  our  traverse  of  the  water-bearing  strata  of  England 
we  arrive  at  the  conclusion  that  several  millions  of  our 
population  live  on  areas  capable  of  being  supplied  with 
immense  stores  of  pure  waters  contained  in  the  Permian  and 
New  Ked  Sandstones,  the  Lower  and  Great  Oolites,  the 
Greensand,  and  the  Chalk,  though  this  population  is  at 
present  suffering  all  the  ills  residting  from  a  polluted  water 
supply. 

2. — ^That  in  the  case  of  the  Chalk  in  the  Valley  of  the 
Thames  great  care  should  be  exercised  in  extracting  any 
large  volume  of  water  by  means  of  deep  wells  from  the 
imderground  springs,  from  the  fact  that  these  maintain  the 
steady  dry- weather  flow  of  the  river,  to  which  great  damage 
might  be  done  by  any  permanent  lowering  of  the  saturation 
line,  like  that  which  has  taken  place  through  excessive 
pumping  in  the  Metropolitan  area. 
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APPENDIX  n. 


Kakdxess  of 

Rain  Water    

Water  from  Igneoaa  Rocks  . . 
Lower  Green  Sand , 

iMetamorpliie 
Cambrian  
SilariaD 
Devonian  
Millstone  Grit  
London  Clay  and  BagshoU  , 
New  Red  Sandstone  (t.  h-)    ... 

Cool  Meaeurea     

„  (pennanent  hardness) 

Mountain  Limeetone 

(p.k.)    ... 

Oolites 

„     (p.i.) 

ClaUt 

,,     (p.l.)  

Lias 

.,   (p-i.).. 

MagQesitm  Limestone    


Degrees. 

OtolO" 
0-8  „    5-9 

4  „« 


0  „  19-8 
2-3  „  75-0 
1-2  „  48-5 
9-8  „  27-9 
3-3  „  12-9 
12-4  „  38 
3-5  „  13-5 
,  50 
.  13-8 

,  so-o 

,  I7'0 

,  67-3 

40-8 


AvERAOI. 

0-49 
2-4 


23-3 
6-2 

26-4 
6-2 

29-0 
8-2 

41-2 

24-8 
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APPENDIX  III. 

VARIOUS    WELLS. 
NEW  WELL. 

Cbossness  Junction  Outfall  Works. 
(W.  Whitaker,  Mem.  GeoL  Survey.      London  Basin.) 

No  details  of  top  part.  Feet* 

River  Drift— Gravel    to  39 

Woolwich  Beds  47ft. 

Very  hard  stiff  blue  clay 2^ 

Stiff  yellow  clay  and  sand  layers    2^ 

Hard  sand,  with  layers  of  tenacious  clays  of  various 

lime 7i 

Hard  sandy  days 8^ 

Very  stiff  hard  clay nearly  6 

Dark  green  sand 4 

Dark  green  sand,  with  pebbles  of  various  sizes,  .over  4 

Oreen  clayey  sand,  with  and  without  pebbles 12 

Thanet  Sand  51  feet. 

Thanet  sand over  50 

Green  flints nearly  1 

Tochalk 137 

Chalk.     (Should  be  more  P)    631 

(Tpper  greensand.     (Should  be  less  P)    65 

Gault.     (Phosphate  at  bottom.     Specimen  at  Board 

Works) 170 

1003 
Red  Rocks  : — 

Sandstone,  very  hard 13 

Ghrey  sand 4 

Red  marl  rock 18 

Grey  sand  rock > 4 

Red  marl,  with  blue  vein    3 

Brought  forward 1045 


FML 

Carried  forward 1(M5 

Qrej  marl 2 

Orey  sand 2 

Grey  eand  rock U 

Red  marl,  with  blue  vean    3 

Left  of  September,  1877 1060 

Ceossnt,ss  Jrscrios  Oitfall.  Old  Wkll. 

(W,  Wlutaker  Mem.  GeoL  Survey.     The  London  Baain.) 

Allumiam  22^  feet. 

Allavial  deposit 1} 

Light  brown  clay 3i 

Blue  siltj-  clay  with  vegetable  matter 3) 

Peat,  with  remainB  of  trees SJ 

Dark  gi^y  silty  clay 1|, 

Thin  layers  of  peat  and  clay,  decayed  vood I| 

Dork  grey  ailty  clay 2i 

Silty  eaod 2 

Valley  Drift  and  Oldhaven  Beda. 
Grey  subangular  flint  gravel,  sometimeB  numings  and 

with  iron  pyrite*     49 

Oldhaven  Beda  or  Woolwich  Beds. 

Sand  with  flints,  shells  very  hard    11^ 

Fine  sand,  with  flints,  pebbles,  and  small  shells    ....      4} 
WboitcicA  Beda : 

Fine  green  sand It 

Fine  grey  sand,  with  small  pebbles ^ 

Fine  dark  aand  and  flint 9f 

Fine  light  sand 351 

Sand  bpuM  together  by  iron  5 

Loam  and  pebbles  (P  green  coated  flints)    \\ 

To  Chalk 1431 
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Feet. 

Brought  forward   143 J 

Layers  of  flint 0  J 

Chalk,  with  layers  of  flints,  at  first  about  8  feet  apart, 

then  from  2^  to  6  feet  apart    446 

Chalk  marl  P  with  fine  flint 200 

(Upper  greensand)  Sandy  green  marl   12 

Gault  clay     148 

950 


Crossness  Wells. 


Old  Wbll. 
Feet 

Surface  of  the  Gault 802     , 


f* 


}9 


Clialk 138J 


New  Well. 

Feet. 
.  .  829-6 


133-6 


Boring  made  by  the  Diamond  Boring  Company  at  Pump 
House,  near  Burford,  Witney : — 


Total  Depth. 

38 


148    7 


174    8 


186    8 


Stsata. 

(  Surface  Blue  Clay  and  Pebbles. 
I  Lost  Water  at  38ft. 

rWhiteLias 1ft. 

I  Blue  Lias   1ft. 


90    2        < 


I  Lias 


9ft. 


Freestone. 

Black  Limestone. 

Limestone. 

Clay  at  90ft.  2in. 

Blue  Clay  with  Fossils. 

Do.  with  Fossils  at  148ft.  7in. 

Light  Lias. 

Hard  Lias. 

Dark  Green  Lias  with  Fossils,  at  174ft.  Sin 


r 

■ 

43»                     ^^^^^^1 

^"          Total  D»ptii. 

fCIay  at  186ft.  8in"'               ^^^^H 

Do.  with  Pebbles.                              ^H 

349 

0 

i  Do.  with  Stone  UndB.                      ^^M 
Ido.  SheUs.                                        ^H 
[Harder  Clay.                                         ^^M 
Clay  with  MetoL                                ^^| 

420 

0 

Do.  with  Stones.                                 ^^H 
Do.  Pebbles  and  Foeeih.                    ^H 

479 

10 

Clay.                                                    ^H 

496 

4 

Do.  with  Minute  Fossils.                     ^H 

602 

0 

Blue  Lias  Stone  at  496ft.  4iD.            ^M 
Blue  Clayeofter.                                    ^H 

572 

0 

Yery  soft  Clay.                                      ^H 

600 

0 

Blue  Clay.                                             ^H 

616 

3 

j  Clreenstone  at  610ft.                           ^^M 
iBlue  Clay.                                          ^H 

702 

0 

,  Hard  Lirh  Clay.                                 ^^H 

746  10 


Clay  as  before,  Stonebinds. 
I  Hard  Gully  Limestone  at  702*  4'. 
'  Limestone  and  Shale. 

Soft  Shale  at  717*  O'. 

Soft  Blue  Clay  as  before,  TSS*  7'. 


749  0        Black  Shale,  1  foot  1 

750  0         Green  Marl,  6  feet-    [Rhmtic 
756    0        Gritty  Sandstone.      ) 


{Green  MarL 
Variegated  MarL 
Conglomerate, 
f  Tariegat«d  Marl. 
'Bed  tind  Blue  Marl  Gypsum. 
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Total  Depth. 

1047  0 
1172  7 
1174  0 


SniATA. 

Red  Marl  and  G^sum. 

Red  Marl. 

Conglomerate. 
^Marl  and  Sandstone. 

Red  Sandstone. 


Trias. 


1184    8 

1196—1205 

1205—1213 
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Sandstones  (calcareous). 
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1380 — 1391     Red  Marls  and  occasional  sandy  beds. 
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JoHRUll  poblished  by  the  Diamond  Boring  Company.  The 
foarill  from  which  the  age  of  the  rarioua  beds  have  been 
determined  were  examined  by  Mr.  Etheridge,  F.R.S.,  to 
whom  I  am  indebted  for  on  opportunity  of  looking  at  the 
specimens.  To  Mr.  Gulland,  of  the  Diamond  Drill  Company, 
the  Engineer  in  charge  of  the  work,  and  of  the  Subwealden 
Exploration,  my  thanks  are  also  due. 

In  writing  this  paper,  I  have  availed  myself  of  the  etorei 
of  information  in  the  Sixth  Report  of  the  Rivera  Pollution 
Commission,  the  Report  of  the  Rivers  of  Commiaeion,  and 
the  Minutes  of  Evidence,  the  Memoirs  of  the  Geological 
Survey,  especially  the  work  of  Messrs.  Wtitaker  and 
Topley,  the  reports  I  have  drawn  up  for  the  lJ'ndei^;r«und 
Water  Committee  of  the  British  Aasociation. 
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At  the  Ordinary  Monthly  Meeting  of  the  Members 
of  the  Society,  held  on  Tuesday,  the  30th  April,  1878,  in 
the  Literary  and  Philosophical  Society's  Rooms,  George 
Street,  Manchester ; 

Joseph  Dickinson,  Esq.,  F.G.S.,  President, 

in  the  Chair. 


THE  GEOLOGY  OF  THE  ARCTIC  REGIONS. 


Mr.  De  Range,  F.G.S.,  said  he  thought  it  was  possible 
that  some  of  the  members  present  might  like  to  know  some- 
thing of  the  Geological  results  brought  back  to  us  by  the 
naturalists  of  the  late  British  Arctic  Expedition.  He  had 
the  good  fortune  to  be  associated  with  Captain  Henry 
Feilden,  the  naturalist  of  the  senior  ship,  in  working  up 
the  geological  results  for  the  Geological  Society  of  London, 
which  had  been  communicated  to  them  by  permission  of  the 
Lords  of  the  Admiralty. 

Captain  Feilden,  F.G.S.,  brought  home  some  2000  speci- 
mens of  rocks  and  fossils,  some  of  which  were  laid  before  the 
Geological  Society  of  London  at  its  last  meeting.  From  the 
specimens  so  brought  back,  and  the  observations  which  he 
made,  geologists  were  able  to  perceive  that  the  Laurentian 


rocks,  which  occupy  so  large  an  area  In  North  America,  and 
extend  northwards  under  the  Parrj'  Archipelago,  form  tiie 
sub-stratum  of  all  the  rocks  of  the  more  oorthem  disirici— 
onderlyiDg  alike  the  Silurian  Limestone  of  the  Parry  Archi- 
pelago, the  Cretaceous  rocka  of  Disco  Island,  the  Oolitic 
rocks  on  the  coast  of  Ejtst  Greenland,  and  various  other 
overlying  rocks  which  occupied  difierent  positions  ot  the 
Polar  area.  Above  these  Laurentiana,  in  the  Arctic  Archi- 
pelago, we  knew  of  Upper  Silurian  rocks,  with  fossils ;  but 
from  the  fact  of  no  Lower  Silurian  forms  having  ever  been 
brought  from  thence,  the  late  Sir  R.  Murchison  was  led  to 
argue  that  no  Lower  Silurians  wore  present  in  the  Arctic 
Area,  and  more  than  that,  that  the  whole  of  the  district  v3s 
dry  land  during  the  time  occupied  in  the  deposition  of  the 
Lower  Silurian  in  other  areas.  The  expedition  under 
Sir  G.  Nares  had  disposed  of  the  theory,  for  the  Silu> 
ian  limestone  of  Cape  Uillgard  contain  not  only  Upper  bnl 
also  Lower  SQurian  fossils,  of  weU-marked  species,  some  of 
which  apeeios,  moreover,  had' already  been  obtained  by  lie 
previous  expeditions  under  McClintock,  Sherard  Osborne, 
and  others,  in  the  Parry  Archipelago.  The  lat«  expe- 
dition, therefore,  had  not  only  the  merit  of  proving  the 
existence  of  Lower  Silurians  d^uitely  in  the  area  searched 
b;  them,  but  also  of  showing,  by  inference,  that  thc^ 
were  present  in  the  Parry  Archipelago.  In  Kennedy 
CShannel,  still  further  to  the  north,  they  came  upon  nob 
which  were  more  ancient  —  they  were  older  than  the 
Silurians,  but  newer  than  the  Laurentian — probably  being 
equivalent  to  the  Huronian  rocks  of  America.  That,  how- 
ever, was  doubtful,  from  the  Sact  of  their  containing  no  fosnk 
Captain  Feilden  and  the  speaker  gave  them  the  name  of  the 
Cape  Rawaon  beds.  The  boundary  betwixt  those  old  Hunm- 
ian  rocks,  if  they  were  such,  and  the  older  LaurentianB,  strwi 
across  Kennedy  Channel ;  so  that  the  Silnriaas  reappeand 
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on  the  Eastern  shore ;  and  from  measures  at  Offley  Island, 
a  large  assemblage  of  fossils  had  been  procured. 

Then  north  of  those  Cape  Rawson  beds,  in  Feilden  Penin- 
sula, there  had  been  found  an  extensive  outcrop  of  Carboni- 
ferous Limestone  containing  some  fossils  which  had  been 
found  in  the  Carboniferous  Limestone  of  this  country, 
and — what  was  exceedingly  interesting — having  a  very 
strong  resemblance  to  the  Carboniferous  Limestone  of  the 
Parry  Archipelago.  This  limestone  struck  to  the  south- 
west, along  the  range  of  mountains  called  the  United 
States  Range,  and,  continuing  the  line  of  this  range 
towards  the  Parry  Archipelago,  it  would  be  found  exactly 
to  cut  the  place  where  the  Carboniferous  Ijimestone  had 
been  so  well  worked  by  Captains  Sherard  Osborne, 
McClintock,  and  others.  It  also  struck  Spitzbergen,  and 
there  they  found  the  Carboniferous  Limestone,  containing 
many  species  obtained  by  the  late  Arctic  Expedition  in 
Feilden  Peninsula. 

Underneath  this  limestone  the  late  expedition  had 
found  Devonian  rocks,  and  these  for  the  first  time  were 
known  within  the  Polar  area.  There  were  certain  red 
sandstones  in  South  Greenland,  supposed  to  be  Devonian, 
but  they  had  no  fossils ;  others  in  Spitzbergen,  supposed  to 
be  of  that  age,  but  they,  too,  were  destitute  of  fossils  ;  and 
the  coal-bearing  beds  underlying  the  Carboniferous  Lime- 
stone of  the  Parry  Archipelago  and  Melville  Island  were 
supposed  by  some  people  to  be  Devonian,  and  by  others 
Lower  Carboniferous;  but  any  true  marine  Devonians 
were  never  known  in  that  area  until  this  discovery.  The 
fossils  found  were  not  only  characteristic  of  the  Devon- 
ian, but  several  of  them  were  new,  and  the  late  expe- 
dition had  the  merit  of  finding  several  species  of  moUusca 
which  were  absolutely  new  to  science. 

Then,  the  expedition  found  in  Lady  Franklin  Sound  a 


deposit  of  Miocene  shales,  with  a  30ft.  coal  seam — a  wpeti-'' 
men  of  whicb  ho  (Mr,  Da  Ranee)  had  the  pleasure  t» 
eihibit  before  this  Society  last  year.  Further  south,  ia 
Greenland,  they  had  certain  Cretaceous  beds,  with  two  sell 
of  plants :  the  upper  beds  containing  plants  which  were 
characteristic  of  the  lowest  portion  of  the  Cretaceous  rocb 
of  America,  and  indicative  of  temperate  conditions.  In 
America,  above  those  Cretaceous  rocks  they  had  an  extan- 
sive  series  of  Tertiary  beds,  the  bottom  onea  of  which 
contained  a  series  of  different  Soros.  The  lowest  flora 
indicated  sub-tropical  conditions.  Now,  that  sub-tropiad 
flora  was  entirely  absent  from  the  Arctic  area,  and  a 
more  temperate  flora  was  represented  in  the  Miocenes  of 
that  region,  indicating  that  in  Miocene  times,  though  ther 
had  not  tho  cold  now  obtaining  at  the  Poles,  the  country 
was  even  then  colder  in  advancing  from  south  to  north. 

He  (Mr.  De  Ranee)  feared  ho  was  taking  up  too  muoti 
time  in  bringing  this  subject  before  the  Society,  but  fa* 
wished,  in  conclusion,  to  point  out  to  the  Society  some 
important  bearings  which  he  thought  the  results  of  the 
expedition  had  upon  glacial  matters.  They  had  heard  t 
great  deal  about  ice-caps  of  great  thickness,  which  wen 
supposed  to  have  over-ridden  this  conntry,  with  a  co^di 
of  hundred  feet  of  drift  between  the  ice  and  the  under- 
lying rock.  There  was  therefore  great  interest  attachiDg 
to  the  actual  observations  of  men  who  in  the  Polar 
area  had  seen  an  ice-cap  at  work.  In  Fetermann's  Fiotd 
ice  covered  the  country  to  the  thickness  of  only  40ft.,  ud 
between  the  base  of  the  ice-cap  and  the  rock  there  was  no 
extensive  deposit  of  material.  From  the  top  of  the  cliA^ 
the  overhanging  ice  broke  sway  fragments  of  rock,  whicl 
tumbled  down  to  the  floes  beneath  and  was  carried  seawaid. 
But  on  the  western  shore  of  Kennedy  Channel  they  had  aot 
even  that  30  or  40  feet  of  ice-cap,  in  the  moot  northein  ptif 
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yet  reached.  The  climate  was  absolutely  so  cold,  and  the 
atmosphere  so  destitute  of  moisture,  that  little  fresh-water 
ice  was  foimd.  Not  only  was  there  no  ice-cap  in  that  area, 
but  the  glaciers  were  so  small  that  they  could  not  even 
reach  the  sea. 

The  President  asked  if  it  was  quite  satisfactorily  esta- 
blished that  the  coal  found  in  the  Arctic  area  was  of  the 
modem  formation  named  by  Mr.  De  Ranee. 

Mr.  De  Range  said  he  thought  so.  The  observations  of 
Professor  Heer,  who  was  bringing  out  an  extensive  mono- 
graph on  the  subject,  proved  that  the  plants  were  character- 
istic of  the  Miocene. 

Professor  Dawkins  said,  with  regard  to  the  Miocene  age 
of  this  Arctic  coal,  he  thought  there  could  be  no  possible 
doubt.  Professor  Heer  and  others  have  shown  years  ago 
that  in  various  places  in  the  Arctic  regions  coal  occurred, 
and  coal  made  up  of  a  flora  which  was  not  only  now  existing 
in  America,  but  was  also  to  be  found  fossil  in  the  Miocenes 
of  Europe.  A  great  feature  which  was  characteristic  of  the 
flora  associated  with  the  coals  in  the  Arctic  regions  was  the 
absence  of  evergreens,  and  some  of  the  warmer  forms  of 
vegetation.  He  would  say,  moreover,  that  the  discovery  of 
this  group  of  plants  which  Mr.  De  Ranee  had  brought 
before  the  Society  was  not  altogether  new,  and  not  wholly 
due  to  the  late  Arctic  Expedition.  Many  years  ago  the 
researches  that  were  carried  on  in  Spitzbergen,  Iceland,  and 
elsewhere,  as  recorded  by  Professor  Heer,  had  shown  beyond 
doubt  that  in  the  Miocene  age  there  was  no  glacial  cold  in 
those  parts ;  but  the  climate  was  very  much  of  the  same 
sort  as  was  found  now  in  some  of  the  lower  regions  of  Swit- 
zerland. That  was  a  point  which  was  satisfactorily  esta- 
blished long  ago,  by  Professor  Heer.  With  regard  to  the 
other  question  which  Mr.  De  Ranee  had  put  before  them,  he 
thought  it  was  extremely  interesting  to  hear  that  we  were 


no  longer  to  be  in  mortal  dread  of  the  extreme  ^laci&li§lft 
A  good  deal  had  been  written  during  the  Last  few  years 
about  ice-capH.  It  was  even  held  by  some  that  a  great 
sheet  of  ice  developed  itself  in  tie  Atlantic  and  the  North 
Sea,  and  prevented  any  fresh  water  from  finding  its  way 
into  the  sea.  Ke  thought  when  they  went  to  the  Arctic 
regions,  and  realised  that  there  were  na  such  great  ebeetj 
of  ice,  miles  thick,  geologists  might  dismiss  those  specu- 
lations which  asserted  that  there  were  miles  of  ice  covering 
not  only  this  country,  but  also  the  greater  part  of  Europe, 
and  occupying  the  bed  of  the  sea,  without  any  further 
consideration.  It  was  to  his  mind  very  atiafoctory  to  have 
arrived  at  that  fact.  He  for  one  never  believed  in  pushing 
the  glacial  theory  to  the  extreme ;  and  now,  when  Arctic 
explorers  told  them  there  were  no  such  masses  of  ioe  to  be 
found  in  the  Arctic  regions,  he,  for  one,  must  decline  to 
believe  in  any  such  speculations  as  those  which  were 
advanced  in  "The  Great  Ice  Age,"  and  "Climate  and  Time" 
the  recent  works  on  the  subject, 

Mr.  KooKE  Pekmnotoit  said  he  believed  it  had  bem 
well  recognised  that  the  coal  of  the  Arctic  regions  was  of 
Miocene  age.  He  believed  there  was  a  large  deposit  of 
Miocene  coal  on  the  banks  of  the  Mackenzie  river,  which, 
if  not  within  the  Arctic  circle,  was  within  a  short  distance 
of  it.  Miocene  coal  also  occurred  on  the  northern  coast  of 
North  America,  between  the  mouths  of  the  Mackenzie  and 
Coppermine  rivers.  He  asked  Mr.  De  Bance  whether  any 
traces  of  Liassic  fossils  had  been  found  so  far  north.  The^ 
were  found  by  McOlintock  and  others  near  the  coast  of 
North  America,  and  in  Prince  Patrick  Island,  or  at  lU 
events  in  the  neighbourhood. 

Mr.  Be  Rance  said  the  late  expedition  did  not  find  mjr 
Liassic  deposits.  The  farthest  north  known  was  a  patch  of 
lias  resting  on  Eglinton  Island,  a  little  islet  north  of  the 
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Parry  Archipelago,  and  immediately  south  of  North  Corn- 
wall, which  was  apparently  a  portion  of  Ellesmere  land. 
He  (Mr.  De  Ranee,)  did  not  bring  forward  the  fact  of 
Miocene  beds  being  specially  new,  but  the  results  extended 
them  further  north  than  they  were  known  before,  and,  as 
Professor  Heer  himself  pointed  out,  were  interesting  as  the 
species  became  more  northern  in  character  as  we  proceed 
towards  the  poles. 


THE   SECONDARY  ROCKS    OF    ENGLAND    AS   A 
SOURCE  OF  WATER   SUPPLY. 


The  paper  read  by  Mr.  De  Ranee  at  the  Ordinary 
Meeting  of  the  Society,  on  March  26th,  was  taken  for  dis- 
cussion. 

Professor  Dawkins  said  the  very  interesting  paper  by 
Mr.  De  Ranee  opened  up  a  wide  field — so  wide,  indeed,  that 
he  hardly  knew  where  to  begin.  The  question  of  water 
supply,  as  they  all  knew,  was  one  of  exceeding  importance, 
not  merely  to  the  city  of  Manchester,  but  also  to  people 
outside  the  Manchester  radius ;  and  he  thought  Mr.  De 
Ranee  had  done  well,  in  putting  before  them  a  few  of  the 
main  principles  on  which  that  question  could  be  dealt  with. 
He  had  also  done  well  in  avoiding  landiog  them  into  all 
manner  of  details  which  had  nothing  whatever  to  do  with 
the  main  principles  of  the  question.  So  far  as  Mr.  De 
Ranee's  paper  struck  him,  it  might  be  divided  into  two 
parts,  that  was  to  say,  that  aspect  which  was  of  exceeding 
importance,  from  a  sanitary  point  of  view;  and  secondly, 
that  part  which  was  of  exceeding  importance  so  far  as 
related  to  the  amoimt  of  water  which  was  to  be  obtained 
from  the  rocks. 


First,  then,  aa  regarded  the  saiiitary  question.  He  sup- 
posed that  no  one  who  really  reflected  upon  the  present 
eonditiou  of  the  waf«r  supply  in  this  countrj-  could  be 
ignorant  of  the  fact  that  there  was  scarcely  anything  abaat 
which  people  were  eo  utterly  careless.  Supposing.  f« 
example,  we  took  an  ordinary  house,  on  a  hill  slope  com- 
posed of  coal  measure  rocks,  mjll  stone  grit,  or  any  other 
rocks  containing  water.  The  front  of  the  house  will,  as  ■ 
rule,  look  towards  the  valley,  and  the  back  extend  up  the 
hill  slope.  What  was  the  mode  in  which  this  typical  house 
is  supplied  with  water  ?  As  a  rule,  a  pump  is  placed  close 
to  the  hack  door,  and  a  little  way  from  if,  up  the  slope,  there 
is  a  cesspool.  That  was  the  rule  in  the  case  of  houaos  built 
upon  a  slope.  The  result  was  this  :  the  level  of  the  water 
in  the  permeable  rock  roughly  conformed  to  the  surface  of 
the  ground,  and  the  water  found  ita  way  down  towards  the 
centre  of  the  valley.  Refuse  water  and  other  matten  J 
were  always  being  thrown  into  the  cesspool,  whilst,  at  the  ' 
same  time  water  was  being  tuken  from  the  well.  Under 
these  conditions  the  water  from  the  cesspool  finds  ita  way 
directly  into  the  well  by  the  ordinary  laws  of  grsritation. 
In  other  cases  where  houses  were  built  upon  the  flat,  say 
on  gravel  or  sand — they  might  take  Oxford  as  an  example, 
where  they  had  the  Oxford  clay  below  and  a  layer  of  gravel 
above — the  wells  are  sunk  into  the  gravel  and  ceespook 
are  constructed  close  by.  Here  again,  from  the  fact  of 
refuse  water  being  constantly  thrown  into  the  eesspool,  and 
water  taken  from  the  well,  there  was  a  continual  gravitatim 
of  material  out  of  the  cesspool  into  the  well :  hence  typhmd 
and  scarlet  fevers,  and  other  diseases  which  were  the  horror 
of  sanitarians.  This  was  a  point  of  exceeding  interest  to 
people  in  this  part  of  the  country,  because  he  was  sure  msny 
of  them  were  aware  of  numberless  little  hamlets  on  the  hiQ 
sides  or  valley  bottoms,  where  the  air  was  perfectly  pui^ 


449 

where  everything  was  just  of  a  sort  to  furnish  the  most 
perfect  health  to  the  inhabitants,  and  yet  there  were  many 
such  places  suffering  from  chronic  attacks  of  fever  and 
sore  throat. 

Mr.  De  Ranee  entered  into  the  question  whether  hard 
water  was  more  conducive  to  health  than  soft;  and  he 
agreed  with  him  that  it  was  six  of  one  and  half-a-dozen  of 
the  other.  Other  things  being  equal — the  air  being  pure 
and  sewage  absent — ^hard  water  apparently  was  quite  as 
good  to  drink  as  soft  water  ;  at  all  events  a  careful  analysis 
of  the  evidence  upon  this  question  by  Dr.  Angus  Smith  fully 
confirmed  what  had  been  put  before  them  by  the  Commis- 
sioners, who  had  inquired  into  it  on  behalf  of  the  Govern- 
ment. 

With  regard  to  the  second  question — as  to  what  amoimt 

of  water  was  contained  in  the  secondarv  rocks — ^he  would 

» 

also  just  make  a  few  remarks.  He  exhibited  a  map  which 
was  published  by  the  Coal  Commissioners  to  show  the  coal 
measures,  and  he  had  brought  it  in  order  to  point  out  the 
cause  of  the  enormous  supplies  of  water  that  were  obtained 
from  the  New  Red  Sandstone  in  the  area  of  Lancashire  and 
Cheshire.  In  treating  of  the  Liverpool  supply,  Mr.  De 
Ranee  said  it  was  perfectly  obvious  that  the  water  was 
derived  from  some  area  outside  that  of  Liverpool.  When 
they  reflected  that  this  area  of  New  Red  Sandstone,  with 
the  Red  Marls,  ranged  as  far  to  the  east  as  Manchester,  and 
into  Staffordshire,  and  southwards  as  far  as  Shrewsbury, 
resting  in  a  basin  of  older  rock,  and  that  the  older  rock  weis, 
for  the  most  part,  of  such  a  nature  that  it  might  be  looked 
upon  as  impervious ;  when  they  reflected  also  that  the  great 
basin  had  a  notch  broken  out  of  its  rim,  extending  between 
the  coal  measures  of  St.  Helen's  and  the  mouth  of  the  Dee, 
then  they  had  a  sufficient  explanation  of  the  fact  of  an 
enormous  body  of  water  gravitating  seawards  through  that 
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ties  of  water  obtained  in  Manchester,  which  was  on  the  edge 
of  the  basin,  no  doubt  could  exist  aa  to  there  being  vast 
quantities  of  water  in  the  New  Red  Sandstone,  and  that  we 
had  there  a  source  of  supply  which  was  of  the  very  highest 
importance. 

Nevertheless,  although  he  thought  that  that  head  of 
water  might  explain — in  all  probability  did  explain — the 
enormous  quantities  of  water  furnished  by  certain  wells  in 
Liverpool  and  the  neighbourhood  of  Manchester,  yet  he 
did  Dot  alt^igether  feel  justified  in  thinking  that  that  wai 
the  best  possible  source  of  supply  for  a  great  city  like  Man- 
chester. The  water  in  the  New  Red  Sandstone  was,  aa  s 
rule,  very  hard.  It  might  or  might  not  contain  other  sub- 
stances besides  carbonate  of  lime  and  salts  of  iron.  It  might 
contain,  and  did  in  some  places  contain,  large  quantities  ti 
chloride  of  sodium.  However  that  might  be,  there  could  he 
no  doubt  that  wherever  tbe  New  Red  Sandstone  did  occur, 
there  they  had  a  great  reservoir,  from  which  they  could 
obtain  water  by  sinking  into  it,  for  the  water  in  the  Bed 
Sandstone  percolated  between  the  grains  of  qoartz,  of  which 
it  was  largely  composed,  with  a  freedom  varying  according 
to  the  coarsenesB  or  fineness  of  the  rock  He  mentioned  that 
{act  because  it  opened  out  another  question. 

Mr.  De  Ranee,  in  his  paper,  compared  the  monnooa 
amount  of  water  which  undoubtedly  exists  in  the  chalk 
with  that  which  existed  in  the  New  Red  Sandstone.  Now  it 
seemed  to  him  that  there  was  this  point  of  difference  to  be 
observed  regarding  the  two  sources  of  water  supply.  In  the 
New  Red  Sandstone  you  may  sink  a  well  almost  anywhere 
and  on  reaching  a  certain  level  you  get  water.  He  did  not 
know  of  a  deep  well  in  the  New  Red  Sandstone,  at  all  evraifs 
ui  this  area,  which  had  not  furnished  water.  But  the  witet 
in  the  chalk  was  on  a  totally  different  footing.    From  the  ez- 
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peiiments  which  had  been  conducted  by  Professor  Ansted  and 
others,  it  appeared  that  water  in  the  chalk  flowed  mainly  from 
crevices  and  fissures.  It  was  a  well  assertained  fact  that  there 
was  scarcely  any  direct  circulation  of  water  through  the  mass 
of  the  chalk  itself,  and  that  fact  was  shown  not  merely  by 
experiments  in  the  laboratory,  but  it  was  shown  by  the 
large  number  of  cases  in  which  deep  wells  had  utterly 
failed  to  furnish  water  in  the  chalk.  In  the  chalk,  as  in 
the  New  Red  Sandstone,  there  was  a  level  of  saturation, 
but  the  sandstone  parted  with  its  water  with  comparative 
freedom,  whilst  the  chalk  did  not.  For  every  cubic  foot 
of  chalk  you  had  from  two  to  two  and  a-half  gallons  of 
water,  locked  up  in  capillary  pores,  and  although  the  water 
was  there,  you  could  not  obtain  that  water  for  the  supply 
of  weUs.  Supposing  you  take  a  cubic  foot  of  chalk, 
and  dry  it,  it  will  absorb  two  or  two  and  a-half  gal- 
lons, and  the  water  so  absorbed  could  not  be  extracted 
from  the  chalk,  except  by  the  process  of  evaporation. 
With  regard  to  the  effect  of  pressure  in  expediting  the 
passage  of  water  through  the  pores  of  the  chalk,  he  did 
not  think  it  could  be  said  that  pressure  exerted  any  great 
influence,  because  if  that  were  the  case  in  deep  wells  in  the 
chalk,  the  deeper  you  go  below  the  level  of  saturation  the 
more  water  ought  to  come  out.  This  was  not  so.  Further, 
Prof.  Ansted  has  shown  that  by  charging  a  column  of  chalk 
with  water  and  then  doubling  the  height  of  the  column  no 
appreciable  difference  is  to  be  observed  with  regard  to  the 
amount  of  water  flowing  out  through  the  bottom  of  the 
column.  Therefore  the  effect  of  pressure  was  comparatively 
small,  so  far  as  it  expedited  the  passage  of  water  through 
the  chalk ;  and  that  was  a  most  important  consideration.  It 
was  a  consideration  which  lay  at  the  very  root  of  the  compari- 
son between  the  water  supply  in  the  Red  Sandstone  and  thatin 
the  chalk,  because  in  the  former  there  was  a  supply  which 
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water  if  they  bit  the  series  of  fisaurea  in  which  it  vas  stored 
up,  hut  on  the  other  hand  if  they  did  not  hit  ou  (kox 
fissures  they  might  sink  right  through  the  chalk  and  not 
get  any  wat«r.  Those  were  the  principal  pointe  whici 
occurred  to  him,  in  discussing  the  important  paper  by 
Mr.  De  Ranee,  which  opened  an  almost  endless  avenue  of 
discussion. 

Mr.  RooKE  Pennington  said  it  was  very  imi>orlant  thai 
they  should  be  able  to  ascertain  the  precise  value  of  the 
chalk  as  a  water  heuring  formation.  There  could  be  no 
doubt  that  for  a  very  conaiderablo  period, — in  fact  from  the 
remotest  antiijuity  large  populations  had  drawn  their  water 
from  the  chalk  supplies,  because  it  was  well  known  that  the 
geographical  positions  of  numerous  tillages  in  the  southern 
counties  was  partly  determined  by  the  flow  of  water  fruin 
chalk  escarpments.  At  the  same  time  he  presumed  it  was 
possible  that  that  might  also  have  been  determined  by  the 
existence  of  faults  or  fissures^  in  the  chalk,  which  had 
allowed  means  of  escape  for  the  superabundant  water  after 
the  chalk  had  become  saturated.  Mr.  Pennington  referred 
to  the  tables  of  rainfall  in  different  districte,  giv^i  by  Mr. 
De  Bance,  and  said  that  they  required  correction. 

The  President  said  be  might  just  call  atteatiou  to  the 
section  which  was  made  through  the  lias  at  Scorle,  near 
Lincoln,  a  couple  of  years  ago.  Mr.  Boote,  Engineer,  who 
had  the  superintendence  of  the  bore  hole,  favoured  him 
with  a  copy  of  the  section.  He  asked  Mr.  Boote  whether 
in  passing  down  through  those  rocks, — ^which  to  his  mind 
were  the  same  as  those  bored  through  to  the  rock  salt  it 
Middlesborough, — any  rock  salt  was  met  with.  Mr.  Boots 
said  if  such  had  been  met  with  he  was  not  aware  of  it,  but 
tiiat  probably  some  had  been  passed  through.  He  (Mr. 
Dickinson,)  would  like  Mr.  De  Kauce  to  eay  whether  he  had 
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any  knowledge  of  rock  salt  having  been  met  with  in  the  bore 
hole,  as  it  seemed  to  have  gone  down  thro'  the  Permian  beds, 
and  it  was  in  those  beds  the  rock  salt  was  met  with  at 
Middlesborough  and  at  Port  Clarence,  on  the  opposite  side 
of  the  river.  He  (the  President,)  would  also  like  to  ask 
Mr.  De  Banco  for  some  description  of  the  data  upon  which 
it  had  been  asserted  that  the  boring  at  Meux's  brewery,  in 
London,  went  down  into  the  Devonian  purple  and  green 
shales, — whether  it  was  upon  the  lithical  character  of  the 
rock,  or  upon  the  fossils  that  that  conclusion  had  been 
arrived  at.  He  had  no  doubt  there  was  some  good  ground, 
and  it  would  be  satisfactory  to  the  Society  to  know  what 
that  ground  was.  As  Professor  Dawkins  had  said  there 
were  so  many  points  of  detail  in  the  paper  that  one  could 
only  lay  hold  upon  one  or  two  in  the  course  of  discussion. 
It  was  a  very  useful  paper  for  reference. 

Mr.  De  Range  said  with  regard  to  the  boring  at 
Meux's  brewery  he  had  had  an  opportunity  of  examining 
the  cores  that  were  brought  up.  They  were  kindly  shown 
to  him  by  Mr.  Etheridge,  who  identified  species  of  mol- 
lusca  as  Devonian  forms  —  the  same  forms  which  were 
known  in  the  Devonian  rocks  of  Devonshire  and  in  the 
Rhine  country.  There  is  therefore  no  doubt  that  the 
Devonian  was  reached  at  Meux's  brewery.  In  all  the  other 
deep  borings  in  the  London  district  unfortunately  no  fossils 
had  been  found  in  the  doubtful  rock  which  imderlay  the 
cretaceous  series,  with  this  exception;  but  these  were  so 
well  marked,  and  so  well  preserved,  that  the  absolute 
specific  name  could  be  g^ven  to  the  several  forms.  With 
regard  to  the  boring  at  Scarle,  he  quoted  the  paper  of  his 
colleague.  Professor  Hull,  published  in  the  transactions  of 
the  Institute  of  Civil  Engineers.  Of  his  own  knowledge  he 
knew  nothing  of  the  particulars  obtained  by  Mr.  Boote,  the 
Mining  Engineer,  at  Scarle.     He  was  inclined  to  think  that 
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no  bed  of  rock  salt  was  found,  but  at  that  point  he  had  really 
no  definite  information.   With  regard  to  Professor  Dawkui's 
remarks,  he  in  a  general  way  agreed  with  him,  that  there 
was  a  basin  of  new  red  sandstone  which  absorbed  a  large 
amount  of  rainfall — some  8  or  10  in.  every  year — ^in  the 
district  of  Lancashire  and  Cheshire ;  and  it  was  supported 
by  certain  palaeozoic  rocks,  which  were  practically  imper- 
meable ;  but  looking  on  the  whole  he  slightly  dissented  from 
Professor  Dawkins  in  thinking  that  the  enormous  yield  of 
certain  wells — or  of  a  particular  well — at  Liverpool,  was 
due  to  any  special  body  of  water  travelling  down  that  basin 
towards  the  sea ;  because  it  seemed  to  him  if  the  water  were 
in  transit  to  the  sea,  and  were  especially  obtained  from  that 
particular  supply,  at  Liverpool,  then  similar  wells,  at  other 
points  along  the  path   which  it  would  travel   from  the 
Manchester    coalfield    towards    the    sea    would   get  equal 
amounts.     But  at  Prescot  and  in  the  district  of  Garston, 
and  also  at  Winwick,  near  Warrington,  the  exact  quantities 
of  water  obtained  on  an  average,  month  by  month,  were 
known ;  and  they  knew  for  a  fact,  that  at  the  Whiston  pumping 
station  the  withdrawal   of   800,000    gallons   per   day   had 
affected  the  wells  for  a  distance  of  a  mile  and  a  quarter,  and 
even,  he  thought  for  a  mile  and  three  quarters  around.     If 
there   was   a   practicably    inexhaustable    supply    travelling 
do^vii  the  dip  lines  of  the  strata,  it  seemed  to  him  Prescot  ought 
to  have  the  first  pull  before  Liverpool ;   therefore  the  enor- 
mous yield  of  certain  corporation  wells,  at  Liverpool,  must 
be  due  to  some  special  causes  connected  with  fissures  in  which 
water  freely  travelled  applicable  in  that  special  area ;  and  in 
that  way,  he  thought  possibly  the  chalk  was  comparable  with 
the  New  Red  Sandstone.    He  did  not  know,  however,  that  he 
went  into  any  direct  comparison  of  the  chalk  with  the  new 
red  sandstone  as  water-bearing  strata.     There  was  an  essen- 
tial difference  between  them,  water  travelled  much  more 
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freely  in  sandstone — ^New  Red  or  any  other  sandstones- 
sand,  than  it  did  in  chalk,  and  the  chalk,  whilst  it  absorbed 
a  large  quantity  of  water  certainly  did  not  yield  it  with  the 
rapidity  which  sandstone  did,  en  niasae.  In  various  districts 
large  bodies  of  water  were  yielded  by  vents  and  fissures  in  the 
chalk;  and  how  important  that  was,  as  a  water  bearing 
formation,  was  proved  by  the  fact  that  in  dry  weather  the 
flow  of  the  Thames  was  absolutely  dependent  upon  the 
water  which  after  being  absorbed  in  the  chalk  was  given  up 
in  springs.  In  regard  to  Manchester,  he  had  never  recom- 
mended a  supply  from  the  New  Red  Sandstone;  but,  on  the 
contrary,  he  had  always  held  that  though  soft  and  hard 
waters  are  equally  wholesome,  it  is  dangerous  to  the  health 
of  a  community  to  substitute  a  water  supply  of  the  one 
character  for  that  of  the  other. 


SINBING    OF    SURFACE    OWING   TO   WORKING 

OF    COAL    MINES. 


Mr.  W.  J.  Gbimshaw,  F.G.S.,  read  the  following  paper : 
It  was  resolved  that  the  discussion  upon  the  paper  should  be 
deferred  until  it  was  in  the  hands  of  the  members. 

Mining  engineers  have  often  to  solve  to  the  best  of  their 
ability  a  problem  which  is  ever  varying  in  conditions  as 
regards  details.  Coal  underlies  tracts,  the  outer  surface 
whereof  and  the  erections  whereon  require  to  be  supported 
or  undisturbed.  As  a  rule  imder  such  conditions,  the  coal 
can  only  be  partially  gotten,  and  most  coUierj'  proprietors 
and  mining  engineers  take  extremely  good  care  to  leave 
enough  coal  to  support  the  surface.  If  they  err,  it  is  gene- 
rally on  the  safe  side.  Mines  are  worked  afc  different 
depths  :  the  thicknesses  vary,  the  rates  of  inclination  vary, 
the  nature  of  the  roof  and  the  superincumbent  strata  differs, 
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and  the  confonnation  o£  the  surface  and  the  diaracter  of  it  are 
seldom  the  same  in  any  two  cases.  Where  differing  coadi- 
tions  exist,  differing  results  inuel  eneue  from  similar  opera- 
tions carried  out  uiider  the  said  differing  conditions.  The 
result  is  an  unknown  quantity,  which  cannot  infallibly  be 
found  by  the  guidance  of  theory  or  that  of  practice.  Theory 
and  practice  go  hand  in  hand  as  regards  mining  operatioiu; 
by  their  mutual  aid  we  may  hope  for  reasonable  success,  bat 
divided  and  exclusive  they  are  worse  than  useless.  It  has 
often  struck  the  writer  that  the  collection  of  facts  relating 
to  the  surface  effects  of  working  coal  under  varying  condi- 
tions, and  by  different  methods,  would  prove  useful  to  the 
mining  profession,  and  he  ventures  to  submit  a  short  account 
of  the  result  of  working  coal,  the  getting  of  which  affected 
the  embiinkment  of  a  reservoir.  The  mine  in  working  lay 
at  a  depth  of  about  G6  yards  below  the  surface,  immediately 
under  the  embankment.  The  thickness  was  about  i  feet,  J 
the  roof  being  tender  and  the  floor  very  hard.  ^ 

The  outcrop  of  the  coal  measures,  which  dip  at  the  rate 
of  1  in  3,  is  covered  with  drift,  and  the  nearest  section) 
obtainable  were  at  the  points  marked  A  and  B  on  the  plan. 
The  section  at  A  was : — 

T<U.  ft.    in. 

Clay  and  Sand   2     0     0 

White  Sand  (wet) 6     2     0 

Marl    0     2     6 

Gravel  and  Boulders 0     2     0 

Marl    4     2     0 

Blue  Metal 12     0 

and  that  at  B  : — 

Soil 110 

Sand   0    0    6 

Marl    7     1     0 

Sand  (dry) 0     2     0 
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Yds.  ft    in. 

Marl    10    0 

Sand  (wet) 3     10 

Marl    7    2    8 

Blue  Metal , 2    2     0 

In  each  case  the  metals  dip  regularly.  On  the  plan  are 
marked  the  breaks  of  surface  caused  by  the  coal- getting, 
and  also  the  extent  of  the  workings  causing  such  breakage. 
As  the  workings  approached  near  enough  to  affect  the 
bottom  of  the  reservoir,  which  was  kept  full  of  water,  it  of 
course  became  impossible  to  observe  directly  the  effects  of 
the  coal-getting.  The  first  noticeable  effect  was  the  lower- 
ing of  the  bank  at  C,  which  took  place  very  gradually, 
probably  owing  to  the  bank  not  being  any  great  height  at 
that  point.  In  about  nine  months  it  had  subsided  about 
18  in.,  and  the  bye-wash  at  D  was  nearly  level  with  the 
surface  of  the  water.  A  high  wind  blowing  towards  C  rose 
one  night,  the  water  poured  over  the  top  of  the  bank,  and 
a  temporary  bye-wash  had  to  be  cut  at  that  end.  The  per- 
manent bye- wash  at  D  had  to  be  lowered,  as  it  was  found  that 
the  opposite  bank  had  sunk  about  21  inches.  At  this  time 
a  small  crack  appeared  in  the  embankment  at  E,  and 
extended  both  ways,  stopping,  however,  at  F,  where  the 
embankment  began  rapidly  to  diminish  in  height.  In  the 
direction  of  D  it  extended  past  the  bye-wash,  which  was 
lowered  by  subsidence  to  such  an  extent  that  it  again 
became  capable  of  taking  the  overflow  water.  The  centre 
of  the  embankment  was  most  affected  by  the  coal  workings, 
as  is  marked  on  the  section,  where  the  straight  line  shows  the 
original  level  and  the  dotted  line  the  present  level.  The 
portion  shaded  shows  the  extent  of  the  alteration  in  level 
caused  by  subsidence.  When  the  crack  reached  the  bye- 
wash,  the  inner  slope  and  a  portion  of  the  embankment  seemed 
to  slip  inwardly  into  the  reservoir  from  the  back  side  of  the 
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puddle  trench,  and  the  outer  slope,  as  far  as  could  be  se^ 
settled  against  the  subsided  section  within  six  months.  The 
cross  section  shows  the  present  state  of  the  embankment,  which 
has  not  visibly  altered  for  about  two  years.  The  embank- 
ment is  known  to  be  raised  on  loamy  sand,  and  the  puddle 
trench  penetrated  some  5  or  6  feet  into  that  sand,  the  precise 
thickness  of  the  bed  at  that  spot  being  unknown.  To  the 
writer  this  fact  seems  to  account  in  some  measure  for  the 
comparatively  gradual  subsidence  of  the  embankment^  as 
the  foundation  on  which  it  weis  resting  would  be  in  a  semi- 
plastic  condition,  and  the  weight  resting  thereon  would  have 
a  tendency  to  fill  or  choke  up  such  fissures  as  reached  the 
original  ground  level.  The  thickness  of  the  sand  seems  to 
be  greatest  in  the  valley  bottom,  across  which  the  embank- 
ment is  raised.  The  well-defined  breaks  which  are  marked 
on  the  plan  are  on  the  crest  of  a  hill,  all  drainage  from 
which  flows  into  the  brook  course  in  the  valley.  The 
breaks  were  very  clear,  showing  at  different  periods  a  clear 
ledge  of  6  inches  in  depth.  The  lowering  of  the  surface  on 
the  crest  of  the  hill  varied  between  18  and  24  inches.  The 
lowering  on  the  comparatively  flat  top  of  the  hill  was  not 
nearly  so  much.  The  strata  would  probably  be  drained  to 
the  level  of  the  brook  course  in  great  measure,  if  not  wholly, 
while  the  strata  below  that  level  would  hold  water.  It 
seems,  therefore,  that  when  a  heavy  weight  is  based  upon 
semi-plastic  strata,  that  weight  in  some  measure  helps  to 
neutralise  the  damage  caused  by  mining  operations  afiecting 
the  surface.  Sand  and  marl  are  generally  found  altomating, 
but  if  the  sand  were  alone,  and  lying  on  comparatively  hard 
strata,  the  efiect  might  be  difiercnt.  It  is  well  known  that 
tapping  and  letting  oS"  a  sand  causes  much  damage  to  the 
surface,  but  in  this  case  there  was  no  probability  or  possi- 
bility of  that  being  done,  except  it  was  let  into  the  pit, 
which  from  the  known  nature  of  the  underlpng  strata  was 
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considered  almost  impossible.  Water  seems  to  play  an 
important  part  in  supporting  superincumbent  strata.  A 
case  thereanent  came  under  the  writer's  notice  a  few  years 
ago.  A  colliery  at  which  operations  had  been  suspended 
for  many  years,  owing  to  a  large  influx  of  water,  was  re- 
opened. Daring  the  period  of  suspension  a  considerable 
number  of  buildings  had  been  erected  upon  land  which  was 
to  a  considerable  extent  undermined.     Before  the  water  was 
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entirely  cleared,  the  surface  was  affected  in  several  cases, 
the  cause  evidently  being  the  withdrawal  of  the  water.  The 
amount  of  coal  required  to  be  left  for  surface  support,  and 
the  position  thereof,  is  a  very  difficult  question  to  solve,  as 
the  conditions  of  working,  and  the  nature  and  inclination  of 
the  strata  and  surface  vary  so  exceedingly.  An  accessible 
record  of  actual  facts  must  be  of  some  use  in  the  matter, 
as  the  local  knowledge  of  individuals  is  often  difficult  to 
obtain. 

It  was  resolved  that  the  discussion  upon  the  paper  should 
be  taken  at  a  future  meeting. 
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APPENDIX    I. 
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Analyses  given  by  the  Rivers  Pollution  Commission, 
Vol.  VI.  To  transfer  these  to  Clark's  scale,  multiply  by  7, 
and  move  decimal  point  one  place  to  the  left. 

The  rainfalls  between  Manchester  and  Sheffield  were  given  by  Mr. 
Bateman,  in  evidence  before  the  Royal  Rivers  (Commission.  That  of 
Newton  should  be  So  not  bo  inches,  as  printed. 

C.  E.  DeR 
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REMARKS    ON    SOME    FENESTELLIDAE. 
By  Arthur  Wm.  Waters,  F.G.S. 


When  I  first  met  with  Actinosoma,  which  is  clearly  one 
of  the  Fenestellidae,  the  stellate  nature  of  the  aperture 
seemed  so  different  from  any  Bryozoa  structure  that  I 
thought  it  must  belong  to  some  other  group.*  Although  I 
do  not  now  hold  so  definite  an  opinion,  it  may  be  well  to 
see  if  there  is  sufficient  evidence  to  justify  the  Fenestellidae 
being  placed  with  the  Bryozoa.  With  this  object  I 
examined  the  aperture  of  some  Fenestellidae  in  my  pos- 
session through  the  kindness  of  Dr.  G.  D.  Brown.  In  a 
Polypora,  which  is  common  in  the  Carboniferous  shales 
of  Lanarkshire,   the  apertxure  is  nearly  closed  by  a  thin 

*  Prof,  and  Mr.  Yoang  have  expreised  a  doubt  aa  to  whether  these  fboailf 
should  be  classified  as  Bryozoa. 


calcareous  covering,  with  a  very  minute  opening  in  the 
centre,  as  seen  in  Fig,  5.  This  has  been  mentioned  by 
Dr.  Young  and  Mr.  Young  in  tlie  Geological  Magazine, 
Vol.  I.,  new  series,  1874.  A  similar  structure  obtains  in  a 
species  which  is  almost  the  same  aa  Fig.  3,  and  is  something 
like  Feneatella  carinata ;  but  in  the  species  hgured  as  No.  -i, 
I  always  found  the  aperture  open. 

In  Glanconome,  Fig.  6,  the  aperture  is  open,  and  as  thii 
and  Fig.  3  have  the  aperture  bo  well  preserved,  it  allows  u* 
to  conclude  that  no  calcureous  portion  has  been  removed. 

It  will  be  seen  that  the  opening  in  the  centre  of  the 
diaphragm  ia  exceedingly  minute,  and  may  well  lead  us  to 
ask  whether  this  was  the  cell  of  a  Bryozoan  polypide  or 
some  other  animal.  It  should  not  be  forgotten  that  the 
cells  of  Fenestellidae  are  all  very  small  for  Bryozoa. 

The  other  points  which  the  figures  are  meant  to  represent 
are,  that  there  are  fine  tubes  passing  through  the  shell, 
though  not  as  distinct  as  in  Fig.  4,  which  ia  a  transparent 
•eottoD  of  I'olypora,  Fig.  5. 

These  tubes  cause  the  ornamentation  which  ia  seen  on 
many  specimens,  as  for  instance  in  Fig.  3,  which  i«preamit> 
the  reverse  of  an  Actinosma.  As  is  well  known,  there  are 
tubes  passing  through  the  shell  of  Bryozoa. 

I  wish  to  call  particular  attention  to  Fig.  7,  whioh  u 
from  a  section  I  made  of  a  species  of  Fenestellidae,  whidi 
may  he  carinata,  where  in  each  cell  there  are  two  denttdea^ 
which  I  am  unable  to  explain.  If  anything  of  the  kind 
is  found  in  different  positions  and  in  other  speciea,  bobm 
light  may  be  thrown  on  its  signification. 

The  Fenestellidae  were  at  one  time  thoaght  to  belong  t> 
the  Eeteporidae,  on  account  of  their  growing  in  a  retiisilite 
manner,  but  this  mode  of  growth  is  not  confined  to  Rate- 
poridae,  and  there  waa  no  sufficient  reaaon  for  such  * 
position  being  assigned. 
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In  the  sub-order,  Cheilostomatay  to  which  Retepora 
belongs,  the  cells  are  closed  by  a  lid  or  operculiim,  and 
the  opening  is,  I  think,  never  central ;  on  the  other  hand, 
the  Cyclostomata  consist  of  tubes  in  which  are  the  poly- 
pides,  and  there  seems  as  much  or  more  resemblance  with 
this  order.  In  the  Cyclostomata  the  cells  are  often  after  a 
time  closed  by  a  diaphragm,  in  most  cases  some  little 
distance  down  the  tube ;  but  the  calcareous  covering  in 
Fig.  5  is  so  constant  in  aU  well  preserved  specimens  that 
have  come  under  my  notice,  that  I  am  doubtful  if  a 
comparison  can  be  made  with  this,  though  certainly,  from 
the  observation  of  Prof,  and  Mr.  Young,  it  would  appear 
that  this  cover  was  deposited  after  the  shelL 

In  Mesenteripora  meandrina,  a  form  fossil  in  the  Pliocene, 
and  which  now  lives  in  the  Mediterranean,  the  tubes  pro- 
ject and  frequently  are  nearly  closed  at  the  end  with  a 
plate,  which  has  a  long  minute  tubular  projection  in  the 
centre.  This  tube  is  sometimes  two  or  three  times  the 
length  of  the  diameter  of  the  zooecial  tube.  This  cover 
has  been  thought  to  be  homologous  with  the  diaphragm, 
which  closes  the  tubes  of  many  Cyclostomata;  and  this 
view  must  be  accepted,  though  in  some  specimens  dredged 
at  Naples,  where  the  zooecial  tubes  are  not  abraded,  this 
fine  tube  is  always  present;  and  I  am  led  to  believe  that 
the  study  of  the  polypide  of  this  species  may  throw  some 
light  on  the  structure. 

I  should  further  like  to  point  out  that  the  ridge,  or  keel, 
seen  in  Fig.  1,  3,  6,  from  the  limited  number  examined, 
seems  characteristic  of  the  Fenestellidae.  Although  nothing 
of  the  kind  is  shown  in  the  small  fragment  from  the 
growing  end  of  Polypora,  Fig.  5,  there  is  usually  a  pro- 
tuberance in  about  the  length  of  every  two  cells,  so  that 
normally  there  should  be  two  in  the  portion  drawn. 

On   the  keel  mentioned  there  are  protuberances  as  in 
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Fig.  I,  3,  6,  8,  but  what  signification  these  have  is  not  ' 
known ;  but  clearly  in  claasification  the  greatest  importance 
should  be  attached  to  their  number  and  position.  These 
may  have  had  spines  or  organs  analogous  to  vibraculae,  or 
even  zooids,  but  that  must  at  present  remain  a  subject  for 
further  research. 

From  the  slight  acquaintance  I  have  with  the  subject  and 
its  literature,  it  seems  that  the  classification  of  the  Fenes- 
tellidae  requires  considerable  revision,  as  more  attention 
should  be  given  to  minute  characters,  and  not  so  much  to 
the  number  of  cells  between  the  dissepimenta. 

Ah  I  have  no  intention  at  present,  at  any  rate,  of  diverg- 
ing from  the  study  of  younger  deposits  to  make  a  detail 
examination  of  this  group,  I  point  out  the  above  in  the 
hope  of  inducing  someone  more  competent,  to  examine  and 
see  if  we  are  justified  in  retaining  the  Fenestellidae  among 
the  Bryozoa ;  and  to  make  my  meaning  clearer,  have 
appended  drawings,  but  feel  that  an  excuse  is  necessary  for 
the  shortcomings  of  this  first  attempt  at  lithography,  and 
hope  if  again  I  have  occasion  to  illustrate  any  remarks  to 
the  Society  that  they  may  be  more  worthy  of  a  place  in  the 
Proceedings. 


EXPLANATION   OF   PIQUEEa 

1.  Aotiootoma. 

2.  BevGTH  of  ActinoBoiDk  [not  the  ume  >p«ciM  u  Fig.  1). 

3.  Fensstella. 

i.   Traiuveiw  wctioii  of  Polypon. 

fi.   PolTpaia  (joaag  bianch,  in  the  fnllf  grown,  tiia  hmmcui   an  nm 

8.   Qlancoiiome,  piob*blf  SeiicnriiiUa,  Dr.  J.  Toong  and  Mr.  J.  Tonng. 

7.  Traniparent  Mction  FeoMtdU,    periuipa   c«rin>U,       I^iii   Mctua  ■• 

horiEontal,  D  ii  one  of  the  diiaepimenta  and  O  it  in  Osonlmn. 

8.  Section  of  mme  Feneatella  at  right  Mif^et  to  the  diraotion  of  growtk 

Butting  through  two  tmschleta  joined  bjr  a  dinepimant, 

9.  Ton  of  Actinoaoma,  magnified  200  tunea,  all  the  real 

tinea,  aa  ia  alao  the  acale  attached. 
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BRTOZOA  (POLYZOA),  FROM  THE  PLIOCENE  OP 

BRUCOOLI  (SIOILT).* 

By  Arthub  Wm.  Waters,  F.G.S. 


In  Sicily  there  are  deposits  consisting  of  broken  shells 
and  a  large  niimber  of  Bryozoa,  having  the  general  appear- 
ance of  the  English  Crag.  In  the  parts  of  Sicily  which  I 
Tisited  this  "Crag"  is  much  harder  than  the  underlying 
beds  of  the  Messinian  formation,  so  that  as  soon  as  denudation 
has  cut  through  this  harder  rock  it  rapidly  cuts  deep  valleys 
in  the  soft  marl.  The  consequence  is  that  these  nearly 
horizontal  beds  are  seen  as  flat  tops  to  the  hills  which  rise 
to  many  himdred  feet,  in  some  places  much  over  a  thousand 
feet,  above  the  sea  level.  And  as  nearly  aU  the  villages  are 
built  on  these  "  Crag ''  flats  it  will  readily  be  imagined  that 
this  is  a  very  characteristic  feature,  as  the  landscape  shows 
isolated  villages  perched  as  mountain  strongholds  aU  over  the 
coimtry,  and  the  pedestrian  has  to  pay  for  this  by  great 
delay,  for  in  passing  from  one  village  to  another,  although 
the  distance  may  be  only  a  quarter  of  a  mile,  it  often 
happens  that  the  ascent  and  descent  will  occupy  some  hours. 

I,  however,  believe,  from  the  section  furnished  to  me  by 
Dr.  Fuchs,  that  those  now  to  be  described  are  older.  They 
were  collected  by  Dr.  Theodore  Fuchs,  of  Vienna,  who  lent 
them  to  me,  and  I  have  for  a  long  time  been  anxious  to 
complete  a  description  of  them,  but  circumstances  have 
hindered,  but  now  take  the  earliest  opportunity  in  order  that 
I  may  return  them  to  the  owner,  and  show  him  that  I  do 
not  intend  to  break  the  eighth  commandment,  and  I  gladly 


*  Bruocoliy  or  Brucoli,  is  near  Lentini,  which  is  between  Catania  and 
STracose. 


Avail  myse^  of  tbe  occasion  uot  only  to  taank  aim  Sorl 
lending  them,  but  also  for  not  complaining  of  the  unavoid-  I 
able  delay.  T 

The  following  section,  by  Dr.  Fucha,  will  explain  ti*  I 
position  of  the  beds  in  descending  order : —  | 

(ff.)  Upper  pliocene  sand,  gravels,  and  limestone,  wilh  1 
Cerithiiim  vulgatum,  C.  acabrum,  Murex  trunculus,  KtssoM,  I 
Turbo,  Trochua,  Monodonta,  Ostrea,  &c. 

{6.)   Yellow  sands  without  fossils.  l| 

(c.)  BluemarlwithBuccinunisemi8triatuni,NatiDahelicina|  J| 
Dentalium  elephantinum,  Chcnopus  pes  pelicani,  Nucula,  &0.  || 

(rf.)  Bryozoa  beds  with  corals,  Brachiopoda,  Pecteil  J 
opercularis,  &a.  | 

From  the  works  of  Sequenza  it  seems  that  the  BryozM 
described  by  Manzoni,  from  Sicily  and  Calabria,  are  aba  ll 
lower  pliocene.  j 

I  must  repeat  the  excuse  of  early  efForts  for  the  drawings  .1 
which  I  regret  are  not  better  finished. 

CHStLOSTOUAX  A . 

1.  Salicornaria  farciminoidea,  Ell  and  SoL 
As  this  species  is  most  widely  distributed,  both  in  the 
living  and  fossil  state,  it  has  been  examined  by  many 
observers,  and  consequently  possesses  a  long  list  of  synonynu. 
These  have  been  tabulated  by  Reuss,  in  his  Foss.  Bryoz.  dea 
Oest-Ung.  Miocans,  and  it  is  not  neceasary  to  repeat  it 
This  species  is,  however,  considered  to  be  the  same  at 
S.  sinuosa  (Haasall),  and  among  the  fosail  forms  the  same 
as  Vincularia  and  Cellaria  marginata  (of  Goldfuss  and 
Reuss).  It  occurs  now  in  the  seas  of  Norway,  Spiti* 
bergen,  &e.,  to  the  Mediterranean,  where  it  is  very  common. 
It  is  also  found  in  the  North  American  seas,  Uadeira,  and 
South  Africa  (in  Algoa  Bay). 

Fossil  it  has  been  found  in  the  Bartooian  (Upper  Eocene) 
,j>f   the  Vicentine  (North  Italy),  in  the  Oligocan  of  North 
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Germany,  in  the  Miocene  of  Austria  and  Hungary,  in  the 
Pliocene  Coralline  Crag  of  England ;  and  in  the  Pliocene  of 
Italy  it  seems  to  be  so  generally  distributed  that  there  is  no 
object  in  repeating  a  list  of  some  twenty  or  thirty  localities; 
but  although  I  found  this  conunon  in  beds  of  this  age  in 
Sicily  and  Calabria,  there  was  only  one  small  fragment  in 
the  collection  submitted  by  Dr.  Fuchs.  This  species  is 
found  at  Naples  from  10-20  fathoms  and  deeper,  but  is 
there  smaller  than  the  SiciKan  fossils. 

2.  Membranipora  bidens.  Hag.  Die  Bryozoen  der  Maas- 
trichter  Kreidebildung,  1851.  Syn;  Cellepora  hippocrepis, 
Rss.  Fobs.  Polyp,  des  Wiener  Tertiarbeckens.  Haidinger's 
Abh.  11.  s.  1,  1847. 

The  specimen  from  Bruccoli,  with  high  powers  shows  fine 
sulcation,  or  granulation  of  the  walls.  The  "teeth''  are  in 
most  cells  scarcely  distinguishable,  but  in  others  are  more 
clearly  seen. 

I  am  inclined  to  think  that  Membranipora  Rosselii,  Aud. 
as  figured  by  Manzoni  in  his  4*  Contribuzione,  is  really 
bidens,  or  perhaps  a  variety,  as  from  the  large  size  of  the 
aperture  it  entirely  differs  from  the  Rosselii  which  I  collected 
at  Naples.  We  may,  however,  thus  see  a  connection  between 
these  two,  which  are  perhaps  related  to  the  group  of  which 
calpensis  may  be  taken  as  the  type. 

This  has  been  found  fossil  in  the  upper  chalk  at  Maes- 
tricht  and  Riigen,  in  the  Helvetian  (upper  Miocene)  of 
Austria  and  Hungary,  in  the  English  Crag,  in  the  Pliocene 
of  Castrocaro  (Italy),  and  is  now  living  in  the  Arctic  Seas 
of  Europe. 

2a.   Membranipora  Lacroixii,  Savigny. 

The  Membranipora,  from  Bruccoli,  which  I  believe  to  be 
M.  Lacroixii,  has  the  zooecia  much  more  separated  than  in 
those  figured  by  Busk,  so  that  there  is  a  distinct  space  be- 
tween  the  cells,   which  are   regularly  ovaL       The   walls 


ording  to 
n  TniinniiM 


bordering  the  celle  itre  distinctly  ornamented  with  radial 
lines. 

Log.  Fossil  in  the  Miocene  of  Austria  and  Hungary; 
Pliocene- Voltura ;  and  a  closely  allied  form  of  Membrani- 
pora  Savartii,  occurs  in  the  English  Crag.  This  is  now  found 
common  in  the  European  sea§,  Florida,  and  according  to 
Buak,  doubtfully  in  Australia. 

A  variety,  diadema,  Hsa.,  has  been  described  from  I 
dorf. 

Fig.  3. 

3.   Membranipora  andegavenais,  Uich. 

Tar,  papyraoea. 

Ab  the  shape  of  the  zooecia  correspond  more  with  papy- 
racea  of  Rss  than  with  his  gracilis,  it  will  be  best  to  call 
this  only  a  variety.  As  it  is  impossible,  from  the  figure 
and  description  of  Goldfuss,  to  decide  if  gracilis  is  the  same 
as  andegavensis,  I  have  not  followed  Reuss  in  using  the 
name  given  by  Goldfusa.  This  has  a  pore  juat  behind  the 
mouth  on  each  side,  and  in  most  cells  there  is  another 
smaller  pore  behind  this,  as  shown  in  the  figure.  The 
surface  is  decidedly  concave,  with  perforatimiB,  the  space 
between  the  perforations  is  granular,  aa  seen  in  the  enlaiged 
portion  of  the  surface ;  the  marginal  ridges  are  solcate  or 
granular.  At  each  side  of  the  mouth  in  most  cdls  the  mar- 
ginal ridge  thickens.  This  is  unfortunately  not  shown  io 
tiie  drawing. 

4.    Membrampora  Angulosa,  Rss. 

This  is  a  species  which  has  had  a  wide  range  in  tertiary 
times. 

Loc.  Bartonian  (Upper  Eocene) — Oberburg  (Styria),  V»l 
di  Lonte.  Miocene — Austria,  Hungary,  Moravia,  Turin, 
Dego.  Pliocene — Castrocaro,  Castellarquato,  Pisa,  Ano, 
Sicily.     Living — Mediterranean. 

In  living  specimens  the  cell  is  seen  to  be  covered  witii  > 
thick  membrane  obscuring  the  calcareous  wall,  and  this 
ids  OYei  the  large  aperture,  but  aear  the  distal  cod  of 
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the  aperture  is  the  small  movable  lip  through  which  the 
polypide  protrudes. 

There  are  probably  a  number  of  species  which  should  be 
reduced  to  synonyms  of  this  form,  and  it  should  be  noticed 
that  in  the  chalk  there  are  several  so-called  Escharae  de- 
scribed,  which  have  cells  like  the  above,  but  which  would 
now  be  Biflustra. 

The  large  avicularian  cells  are  the  same  in  the  Bruccoli 
fragments  and  in  those  dredged  in  the  Bay  of  Naples  as  those 
well  drawn  by  Manzoni  in  his  description  of  Castrocaro  and 
in  other  places. 

5.   Lepralia  ciliata,  Pall. 

Cellepora  crenilabris,  Rss.  foss.  Polyp.  Wien.  Beck.  tab.  x 
f.  22,  p.  88. 

Loc.  Miocene — Austria  and  Hungary.  Pliocene — Crag, 
Beggio,  Castrocaro,  Castelarquato,  Canitello  (Calabria), 
Parlascio  (Pisa),  Castelviscardo,  Darsena  (Leghorn).  Living 
— Northern  seas,  British  coasts,  France  (Joliet),  America, 
Adriatic  (Heller).  At  Naples  it  is  common.  I  dredged  it 
in  40  fathoms,  but  received  specimens  often  from  shallower 
water. 

Fig.  2. 

6.   Lepralia  Morrisiana,  Busk. 

The  oral  aperture  is  smaller  than  is  shown  in  the  figures 
of  Reuss  and  Manzoni,  but  otherwise  there  seems  no  differ- 
ence.  Although  this  was  abundant  at  Bruccoli,  there  are 
only  two  or  three  ovicells  to  be  seen  on  the  various  fragments. 

Loc.  Pliocene — Cor.  Crag,  Leghorn  (Manzoni's  2*  Cont.). 
L.  pleuropora  and  inamoena,  Rss.,  are  apparently  closely 
allied  to  this  species. 

Fig.  22. 

7.    Lepralia  vulgaris  Moll. 

Busk.  Quart.  Joum.  Micro.  Sc.,  vol.  vi.,  1858,  p.  127, 
tab.  xviii.,  fig.  3. 
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Cellepora  otophom,  Ess.  Fosa.  polyp,  d.  Wien.  Tertiar- 
beckens,  p.  90,  tab.  11,  fig.  1. 

Lepralia  otophora,  Rss.  Foas,  Bry.  des  Oefit-Ung  Miocans 
p.  164.  tab.  8,  fig.  5. 

(?)  Lepralia  tiimida,  Manz.  Briozoi  di  Castrocaro,  p.  25, 
tab.  iii.,  fig.  33. 

Lepralia  intennedia,  Rss.    Oest-Ung  Mioc.  p.  160.  tab. 

fig.  11. 

I  think  there  cannot  be  any  doubt  that  this  ia  the 
species  as  Reusa  figures  from  the  iliocene  as  otophora. 
The  figure  gtrcn  by  ManzoDi  of  Lepralia  tumida  seems  to 
coiTG»pond  better  with  Reuss'  otophora  than  does  fig.  ')0 
from  Castrocaro.  This  iB  closely  allied  to  Heller's  Lepralia 
Botterii,  found  at  Lesina,  and  may  be  the  same,  but  I 
unacquainted  with  this  species. 

At  N^aples  the  ^'ulga^iB  does  not  seem  to  be  common,  as 
only  found  it  upon  re-examining  some  material  brougl 
home. 

In  the  Bruccoli  specimens  the  Bor&ce  is  finely  grannlar, 
the  vibracula  turn  slightly  inwards,  and  in  many  cases  show 
the  hinge ;  there  is  a  distinct  sinus  in  most  cells,  and  the 
upper  part  of  the  aperture  is  surrounded  by  spines. 

In  the  recent  species,  the  ro'strum  is  very  variable,  in 
some  cases  being  almost  invisible,  in  others  long  and  pro- 
minent. 

Loc.  Miocene — ^Austria  and  Hungary,  Lapugy  (Sieben- 
burgea),  Modena  (Italy).  Oligocan — varieties  at  Grefeld 
and  Sollingen,  Pliocene — Castrocaro.  Living — ^Madein, 
M  editerranean. 

It  is  possible  that  L.  Morrisiana  is  a  variety. 

8.  Lepralia  coccinea,  Abild. 

Syn.  L.  Ballii,  John.  Hist.  Brit.  Zooph.,  2nd  Ed.  tab.  Ivi. 
fig.  5. 

There  were  several  specimens  of  this  most  beautifal 
Biyozoa  in  the  material  collected  by  Dr  T  Fuohs. 
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In  some  specimens  there  are  nearly  always  two  avicularia, 
in  another  there  is  usually  one  on  each  side,  while  one 
fragment  shows  that  while  some  ceUs  have  avicularia,  a 
large  number  have  none.  When  the  aperture  is  viewed 
from  above  there  is  often  visible  a  denticle,  as  seen  in  the 
Eschara  figured  as  No.  4. 

Loc.  Crosaro,  Yal  di  Lonte,  Miocene  of  Eisenstadt  (Hun- 
gary).    Pliocene — Castrocaro  Canitello,  &c.,  Sicily. 

Living — ^Northern  seas,  Britain,  France,  Mediterranean. 

At  Naples  I  received  this  from  quite  shallow  water  to  the 
deeper  water  of  40-50  fathoms. 

9.   Lepralia  innominata,  Couch. 

Loc.  Pliocene — Castrocaro  (rare).  Crag.  Quaternary — 
Reggio  (A.  W.) 

Living — ^Mediterranean,  Florida,  Roscoff  ( Joliet  L'histoire 
nat.  des  Bryozoaires  Lacaze-Duthiers,  Arch.  1877),  British 
seas. 

This  I  dredged  at  Naples  at  depths  from  six  fathoms  to 
considerable  depths,  where  Gorgonia  is  plentiful. 

10.   Lepralia  arrecta,  Ilss. 

Cellepora  arrecta.  Ess.  Foss.  Polyp,  d.  Wiener  Tertiar- 
beckens,  p.  81,  tab.  ix.,  fig.  23. 

Lepralia  arrecta,  Rss.  Die  Bryozoen  des  Oest-Ung 
Miocans,  p.  164,  tab.  ii.,  fig.  11. 

The  aperture  of  the  zooecia,  in  the  pieces  I  have  from 
Bruccoli,  is  variable,  and  I  believe  shows  that  L.  disjuncta, 
Manzoni.  is  the  same  species.  This  last  is  described  by 
Manzoni  from  Castrocaro  and  Castellarquato,  and  I  have  it 
also  from  Reggio. 

Loc.  Miocene— Eisenstadt  (Hungary). 

11.   Lepralia  ansata,  John.  var.  porosa,  Rss. 

Syn.  Busk — Lepralia  unicornis.     Crag  Polyzoa. 
With  this  group  it  is  very  difficult  to  know  which  name 
to  use,  as  the  ansata,  unicornis,  spinifera,  can  scarcely  be 
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detennmed  hy  the  deecription  and  figures  given  by  Joliiv* 
ston.  It  is  necessary  to  take  one  of  this  group  and  maks' 
these  nearly  allied  varieties,  as  is  done  by  Reuss,  wiift 
makes  unicornis  and  spinifcra  into  var  porosa.  HeUet 
makes  spiniferH  the  type  of  four  varieties,  but  retains  ans&tt. 
As  pointed  out  by  Heller,  the  ansata  of  Johnston  may  bs 
ooGcinea,  and  not  what  we  now  understand  by  ansata.  Smitt 
has  called  epinif  era  and  ansata  varieties  of  his  Mollia  vnlr 
garia. 

Loc  Oberoligocene  of  Doburg.  Miocene  of  Austria  and 
Hungary.  Crag  (as  unicomia).  Living  Meditermneaa. 
Naples. 

12.   Lepralia  auriculata,  Hass. 

Ooe  specimen  from  Bmccoli  entirely  corresponds  wi4 
fig  4  of  Plate  Hxxi'it,  of  Busk's  catalogue;  and  there  is  alio 
one  which  I  think  must  be  placed  with  auriculata,  though  ^ 
does  not  quite  correspond  with  any  of  the  figures  of  thii 
specimen,  or  with  any  I  have  from  Naples,  and  I  therefon: 
describe  it  as  a  variety. 

Fig.  5. 
13.    Lepralia  auriculata,  var.  Leontiniensia.' 

Encrusting  Pecten,  eight  or  nine  layers  sapeiimpoaed, 
cells  irregularly  rhomboidal,  ovate,  elongate,  immersed, 
surface  covered  with  distinctly  raised  warta  punctured  is 
the  centre,  mouth  obicular  with  a  sinus  helow,  avicularii 
deeply  immersed,  zooecia  separated  by  a  wide  distinct  line. 

The  avicularia  are  sometimes  absent,  and  when  present 
are  very  variable,  in  most  cases  having  the  appearance 
merely  of  an  imperforate  portion  of  the  shelL  This  is  best 
seen  in  the  lower  cell,  marked  (a),  which  represents  the 
general  character  of  the  majority  of  cella.  When  sections 
are  prepared  the  shell  is  seen  to  consist  of  two  layers  con- 
nected by  short  tubes.  A  similar  structare  has  be^i  pointed 
out  to  me  by  Mr.  Gbas.  Stewart,  F.L.S.,  M.A.,  in  a  reoent 

*  ^<im  XiKitini,  the  Loontinoi  of  thA  GrBakA> 
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specimen  from  the  Mauritius,  which  I  hope  he  will  shortly 
describe. 

L.  aoriculata  is  found  in  the  northern  seas  to  the  Mediter- 
ranean. 

Fig.  6. 

14.  Lepralia  cupulata,  Manzoni. 

Manzoni,  Bryozoi  foss.  Ital.,  3a  contrib.,  p.  13,  tab.  iv., 
fig.  21,  Sitzb.  d.  k.  Akad.  d.  Wiss  Wien  LIX.-LXI  1869, 
1870. 

There  are  two  or  three  small  Trochi,  probably  Montacuti, 
covered  with  the  Lepralia,  which  I  believe  must  be  the  same 
as  that  figured  by  Manzoni.  Except  on  one  the  Bryozoa 
are  too  much  rolled  to  see  the  form  clearly.  The  cells  are 
arranged  quincimcially,  rather  regularly  except  where  the 
uneven  surface  causes  irregularity,  ovate  rhombic,  surface 
but  slightly  raised  perforate,  aperture  elongate,  con- 
tracted in  the  middle,  below  and  to  the  side  of  the  aperture 
on  each  side  a  distinct  callosity ;  margin  of  cells  very  distinct. 

In  the  Bay  of  Naples  the  smaller  species  of  Trochus  are 
frequently  covered  with  this  Lepralia.  The  recent  form 
may  be  L.  Kirchenpaueri,  Heller;  and  is  closely  allied 
to  L.  lata  of  Busk  but  is  not  quite  the  same. 

The  shell  of  Trochus  so  soon  becomes  the  habitation  of 
hermit  crabs  that  they  are  rolled  about,  and,  in  con- 
sequence, the  Bryozoa  incrusting  them  are  much  damaged. 

Loc.  Miocene— Hills  of  Turin,  Sassuolo;  Pliocene — Val 
d'Era.     Living — ^Naples. 

15.  Lepralia  Bowerbankia,  Busk. 

Busk  :  Crag  Polyzoa,  p.  50,  tab.  vii.,  fig.  4. 

Manzoni :  Bry.  foss.  Ital.  1*  contrib.,  p.  3,  tab.  i.,  fig.  5. 

The  specimen  is  not  very  well  preserved,  but  I  think 
sufficiently  well  to  leave  no  doubt  of  its  determination. 
The  aperture  is  orbicular,  with  a  sinus  below,  prominent 
umbo,  surface  coarsely  pimctate  :  the  cells  are  more  elongate 
than  those  figured  by  Manzoni,  but  are  placed  in  very 
regular  rows  quincuncially. 
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Loo.  Coral.  Crag,  CastoUarquato  (North  Italy.) 

Fig.  7. 

16.  Lepralia  resupinata,  Manzoni.  I  Briozoi  del  Plioc. 
antic,  di  Castrocaro,  p.  20,  tab.  iL,  fig.  26. 

The  specimen  from  Bruccoli  is  growing  on  a  piece  of 
Cellepora,  and  fairly  closely  resembles  that  from  Castrocaro. 
It  will  be  seen  from  the  figure  that  the  ayicularia  are  some- 
times very  large,  in  other  cases  quite  small ;  when  small, 
there  are  usually  two,  and  these  are  situated  near  the  i^r- 
ture  of  the  cell.  There  are  four  oral  spines.  The  situation 
of  the  ovicell  behind  the  zooecium  is  characteristic. 

Loc.  Pliocene,  Castrocaro. 

17.  Lepralia  scripta,  Rss. 

Syn.  L.  megacephala,  Rss.  Poly  d.  Wiener  Tertiarbec- 
kens,  p.  82,  tab.  ix.,  fig.  28. 

This  is  beautifully  preserved  at  Bruccoli,  but  as  it  has 
been  very  well  figured  by  Manzoni  as  a  Mediterranean 
species  in  his  Supplemento  alia  Fauna  dei  Bry.  Medit.  Sitzb 
Akad  Wirsench.  Wien.  ixiii.,  1871,  it  is  not  necessary  to 
give  a  figure  now,  although  the  zooecia  are  slightly  more 
elongate. 

Loc.  Miocene — Hill  of  Turin,  Eisendstadt  (Hungary). 
Pliocene — Piaconza,  Tuscany,  and  Sicily.  Living — Mediter- 
ranean.    From  the  Bay  of  Naples  I  have  some  specimens. 

18.  Lepralia  Pallasiana,  Moll. 

Probably  several  fossil  species  are  Pallasiana  which  have 
received  other  names. 

Loc.  Pliocene — C.  Crag,  Sicily.  Living — British  coasts 
and  Mediterranean. 

19.  Cellepora  coronopus,  S.  Wood. 

There  is  no  genus  which  causes  so  much  difficulty  and 
uncertainty  in  the  determination  as  this,  and  there  may  be 
other  species  among  the  numerous  pieces  collected  at  Bruc- 
coli. but  I  am  not  able  to  determine  at  present  any  others 
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than  the  three  enumerated.  Ajs  Cellepora  yaries  so  much  in 
different  stages,  it  is  doubtful  whether  several  of  the  existing 
species  should  not  be  united. 

Loc.  Pliocene — C.  Crag,  Ficarazzi.     Living — ^Naples. 

Fig.  20-21. 

20.  Cellepora  tubigera,  Busk. 

Fig.  20  shows  a  portion  when  the  cells  are  decumbent, 
and  in  such  cases  there  are  no  tubular  process,  while  in  the 
same  piece  where  the  cells  are  erect  there  ure  usually  some 
processes.  Fig.  21  will  show  the  shape  of  the  ends  of  the 
cell  when  erect,  but  unf ortimately  this  figure  is  a  failure 
and  does  not  show  the  shape  of  the  cells.  It  seems  to  me 
probable  that  C.  retusa,  Manz.  is  only  a  variety. 

Loc.  Pliocene— Pezzo,  Canitello,  Carrubare  (all  Calabria), 
C.  Crag.  Living — ^British  and  French  coasts,  and  Mediter- 
ranean. 

21.  Cellepora  ramulosa,  Linn. 

Loc.  Pliocene — C.  Crag,  Pezzo,  Canitello  (Calabria), 
Castrocaro.  Living — Scandinavia,  Britain,  France,  Medi- 
terranean.    This  I  dredged  at  Naples,  in  40  fathoms. 

22.  Hippothoa  catenularia,  Jameson. 

Busk — Cat.  Marine  Polyzoa,  p.  29,  tab.  xviii.,  figs.  1  &  2. 
Manzoni — ^Bry.  fossili  Ital.,  4*  contrib.,  p.  6,  tab.  i.,  fig.  4. 

Loc.    Pliocene  —  Reggio    (Calabria),    Canitello,   Pezzo. 

Living — Seas   of    Europe,    in    Adriatic  at  Lesina,   Lissa, 

common  (Heller.)     At  Naples   I   found  it   several  times. 

Devonshire,  common  in  deep  water;  foimd  at  60  fathoms  on 

Pinna  by  Hincks. 

Fig.  9. 

23.   Eschara  lunaris  nov.  sp. 

This  Eschara  I  have  been  unable  to  correlate  with  any 
described  species ;  but  as  it  occurs  in  the  Mediterranean,  and 
the  Pliocene  of  Sicily  at  various  places,  it  must  have  been 
often  seen,  if  not  described. 

I  believe  that  it  is  the  same  as  Porina  labiata  (Roemer), 
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from  the  oberoligocan  of  Lattdorf,  although  the  Up  is  not 
as  prominent  in  those  from  Naples.  It  is  only  in  the 
terminal  or  yoimger  cells  that  the  aperture  projects,  so  that 
if  the  above  supposition  is  correct,  Boemer's  labiata  would 
be  taken  from  a  young  cell. 

There  also  seems  very  good  reason  for  believing  that 
Eschara  columnaris,  Manzoni  (Bryozoi  di  Gastrocaro,  tab.  v., 
65)  is  the  same,  but  as  that  is  evidently  taken  from  a  badly- 
preserved  fragment  it  is  somewhat  uncertain.  The  ceUs 
near  the  base  have  just  the  form  and  shape  drawn  hj 
Manzoni,  and  the  avicularia  are  often  obliterated,  though  in 
a  piece  as  large  as  that  figured  I  should  expect  some  cells  to 
show  a  trace  of  its  existence. 

Stem  cylindrical,  dividing  dichotomously,  cells  at  the 
growing  extremity  ovate,  near  the  base  hexagonal,  mouth 
orbicular,  young  cells  projecting,  old  cells  deeply  immersed, 
four  oral  spines  on  the  upper  margin  of  the  aperture,  semi- 
lunar pore  below  the  mouth,  avicularium  on  one  side  of  the 
cell,  with  extremely  long  mandible  (often  the  length  of 
nearly  two  cells),  surface  coarsely  punctured,  ovicell  finely 
punctured.  The  cells  in  Figure  7  are  in  a  medium  stage, 
being  neither  the  recently-formed  or  obliterated  cells.  The 
figure  showing  the  natural  size  is  from  a  recent  specimen 
dredged  at  Naples.  The  description  is  also  taken  from 
recent  specimens. 

Loc.  Pliocene — Rametto  (Sicily),  San  Domenica  (near 
Rametto),  Parere  (Calabria),  in  my  collection. 

Living — Naples,  40  fathoms  in  the  Secca,  &c. 

The  form  of  the  zooecia  is  much  the  same  as  in  Eschara 
flabellaris  (Busk)  from  Algoa  Bay,  but  that  is  not  cylindrical. 

The  name  is  given  from  the  semi-lunar  pore,  which  occurs 
frequently  in  Lepralia,  but  there  are  few  Escharse  with  it. 
This  would  be  called  Porellina  ciliata  by  Smitt. 

24.    Eschara  cervicomis.  Ell  and  Sol. 
Several  pieces  of  this  Eschara  were  among  those  collected 
at  Bruccoli.     Manzoni  is  doubtful  of  the  identity  of  a  frag- 
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ment  from  Castrocaro,  but  tlunks  it  may  be  Escliara  im- 
dulata  Rss.,  in  wbich  I  think  he  may  very  likely  be  correct. 

Through  the  kindness  of  Prof.  Guiscardi  I  was  enabled  to 
examine  a  few  Bryozoa  from  the  Pliocene  of  Sicily,  which 
were  probably  collected  by  the  elder  Costa;  and  there  were 
some  fragments  of  cervicomis  from  Canitello  (Sicily).  I 
found  it  abimdant  in  the  Pliocene  beds  in  Sicily  and  Calabria, 
already  mentioned. 

Loc.  If  as  undulata,  in  the  Miocene  of  Austria  and  Him- 
gary.  Pliocene — Sicily  and  Calabria,  abundant;  living* 
Mediterranean,  very  abundant  in  a  depth  of  30  fathoms  and 
deeper;  Roscoff  ( Joilet),  30-40  metres,  British,  Start  Point,  &o. 

Fig.  8. 

25.   Eschara  biaperta,  Mich. 

forma  Eschariformis  nov. 
As  Lepralia. 

Michelin — Icon.  Zooph,  p.  330,  pi.  Ixxix.,  fig.  3. 

Busk — Crag  Polyzoa,  p.  47,  tab.  vii.,  fig.  6. 

Manzoni — ^Briozoi  di  Castrocaro,  p.  21,  tab.  ii.,  fig.  28. 

Polzoarium  erect  f  oliaceous,  zooecia  quincimcial  and  serial, 
surface  smooth,  margin  of  cell  indistinct,  orifice  obicular 
sinus  seldom  visible,  an  avicularian  or  vibracular  process  on 
one  side  of  the  top  of  the  cell,  sometimes  a  mamelon  on  the 
other  side. 

The  irregular  surface  of  the  zooarium  scarcely  shows  the 
outline  of  the  zooecia,  but  their  position  can  always  be  made 
out  by  the  conspicuous  aperture  and  process.  In  the  speci- 
men from  Bruccoli  the  processes  on  one  side  of  the  zooarium 
are  always  on  the  right,  on  the  other  on  the  left.  I  suppose 
that  this  line  indicates  the  centre  of  the  colony,  and  have, 
in  consequence,  filled  in  with  a  dotted  line  what  I  assume 
may  have  been  the  width  of  the  branch. 

This  form  of  cell  has  been  foimd  as  Lepralia  in  the  Crag, 
in  the  miocene  of  Dou^  (France);  and  Manzoni  fig^ures 
L.  biaperta  from  the  pliocene  of  Castrocaro  (N.  Italy),  with 
two  vibracular  processes  and  an  avicularium  on  the  side  of 
the  celL 
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Eschara  with  similar  cells,  and  I  have  thought  it  best  to 
eigoify  ita  relation  t«  Lepralia  binperta  and  its  growing  ai 
-Bn  Eechara  by  retaining  Michelin's  naine,  and  showing  iti 
form  by  colling  it  variety  Eschariformis. 
Fig.  4. 
26.   Eschara  Pertusa,  M.  Ed. 

The  figure  4  is  most  unsuccessfully  drawn,  but  I  think  it 
will  explain  the  point  to  which  attention  should  be  called 
When  the  broken  oviceUs  are  examined  there  is  found  to  be 
a  calcareous  film  covering  the  interior,  but  in  some  cases  tliii 
is  broken  away,  revealing  a  deep  furrow  just  above  the  onl 
aperture,  and  at  the  bottom  of  this  furrow  are  two  or  three 
distinct  perforations.  In  some  cells  a  denticle  is  visibia 
Four  lateral  and  two  distal  rosettenplatte. 

Loc.  Miocene — Done.  Pliocene — Crag,  and  in  my  coQeo- 
tion  from  Reggio,  Geraoe  (Calabria),  Rametto  (Measina). 

27.  Eschara  Foliaoea  Lam. 
Yta  Fasoialis. 
Althou^  foliaona  and  faaoialia  are  oonaidered  aynonym^ 
it  may  be  uMfsl  to  retain  &e  diatinotion  bb  to  the  form  «f 
growth,  and  therefore,  instead  of  foUowing  Heller  (Die 
Bryocoui  des  Adriatischen  Meerea.  Sitzb.  Akad.Wian.,  1867), 
and  oaUing  tiltem  diatinot  apecies,  the  amaller  size  of  die 
folistiona  is  indicated  aa  abore.  This  haa  in  the  diatd  wall 
two  "rosettenplatte,"  and  four  in  the  lateral  walL 

Loo.   Pliooeoe — Caatrocaro,   FioarasEi,   Leghorn,    Pan, 

Canitdlo  (Msnzoni),  and  a  specimen  in  the  Naplee  moaevm 

collected  probably  by  Costa  from  Amati  la  this  speoiea. 

Living — ^Brit.  (common),  France,  Mediterranean(oommon). 

Kg.  1. 

28.   Biflustra  rynchota,  nor.  sp. 

Folyzoarium  foliaceoua,  two  layers  of    cella  opoiing  in 

o[^H)8ite  directions,  celle  quincunxoially  armnged,  na^ 

thickened  at  the  proximal  end  of   the  odl,  bo  thidHiud 
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jmargin  at  the  distal  end,  aperture  large,  saborbicular^  straight 
below,  or  subquadrilateral,  sometimes  nearly  as  large  as  the 
cell,  avicnlaria  on  the  front  of  the  cell  below,  opening  of  the 
AYicularia  elongate  narrow. 

The  cells  of  this  species  seem  to  have  the  characters  of 
Membranipora  rynchota  as  figured  by  Busk,  and  is  another 
of  those  cases  of  getting  similar  zooecia  ijL  erect  and  the 
encrusting  forms. 

The  avicularia  in  most  cells  much  more  nearly  resembles 
those  of  rynchota  in  the  Crag  Polyzoa  than  is  shown  in 
JPig.  1.  This  is  related  to  the  recent  Membranipora  minaz 
(Busk)  and  PouiUetii  (Aud.) 

29.   Retepora  cellulosa,  Linn. 

This  species  has  a  wide  range  in  space  and  time,  and  is 
now  common  in  the  Mediterranean  and  many  other  seas. 

Loc.  Miocene — Eisenstadt  (Hungary),  Astrupp,  Superga, 
Angers,  Dou6,  Vihier,  St.  Laurent  des  Mortiers,  Angles, 
Yedennes,  L'Etang  de  Thau  (Herault).  Pliocene — Pezzo, 
Canitello  (Sicily),  Parere  (Calabria),  (A.W.),  Messina, 
(A.W.),  C.  Crag.  Living — In  all  the  northern  seas,  Britain, 
coast  of  France,  Mediterranean,  N.  America,  Cape  Horn, 
Australia.    Found  at  from  20  fathoms  to  deep  water. 

30.   Myriozoon  truncatum.  Pall. 

Eeuss — Yaginopora  polystigma  Rss.  Die  foss.  Polyp,  des 
Wiener,  Tertiarbeckens,  p.  73,  tab.  ix.,  fig.  2. 

Renss — ^Mjrriozoon  punctatum  Rss.  Zur  fauna  des  deutsch 
Oberolig,  p.  50,  tab.  ix.,  fig.  2,  and  Bry.  d.  deutsch.  Septa- 
rienthon,  p.  190. 

Manzoni — ^I  Briozoi  fossili  del  Mioc.  d'  Aust.  ed  T7ng., 
pt.  ii.  Denk.  K.  Ak.  d  Wiss.  xxxvii.,  1877.  p.  22,  tab.  xv., 
f.  52 ;  tab.  xvii.,  fig.  55. 

This  genus  was  originally  placed  by  Reuss  in  the  family 
Yincularidea,  but  that  is  clearly  a  mistake,  though  the 
affinities  do  not  seem  clear.  It  appears  sometimes  to  have 
been  placed  with  Cydostomata,  but  as  it  has  such  a  well 
developed  operculum,  this  is  somewhat  strange.     At  Naples 


it   is  fairly   abundant   at  depths  from  about  ^10  {athomi. 
Abundant  at  Bruccoli. 

Loc.  Miocene — (as  punctstum)  Eisenstedt,  Portzteich,  and 
other  places  in  Austria  and  Hungary.  Pliocene — CJastrocarot , 
Mt.  Titano,  Darsena,  Parlascio,  Leghorn,  Amato  (A.W.), 
Canitello  (A.W.),  Asti,  Bonpas,  Vedennea,  ViUeneuve-lM 
Avignons  (Gard),  Chaux  de  Fends  (Suisse),  and  generally 
in  the  Pliocene  of  Sicily.  Living — Mediterranean  cohudoHi 
and  probably  in  many  other  localitiea  under  synonyms. 
31.   Cupularia  Keussiana,  Manzoni 

Biyozoi  Plioceniei  Italiaui  1'  contrib.  Sitz.  Akad.  d  Wi^ 
Benaoh.  Wien,  1869,  vol.  lix.,  p.  11,  tab.  ii.,  fig.  19. 

Cupularia  doma,  d'  Orb.  Smitt  Floridan  Bryozoa. 
Kongliga  Svenska  Vetene.  Akad.  Handlingar  1872,  voL  iL, 
pt.  2,  tab.  iii.,  81-84a. 

The  Bruccoli  specimen  is  exactly  the  same  as  that  Gg1lnd^ 
by  Manzooi,  which  he  points  out  is  closely  related  to  Cnpa- 
laria  denticulata  and  Ovenii,  which  have  been  found  in  tha 
Miocene  of  Williamaburg,  Crag  of  Suffolk,  and  living  on 
the  coastjof  Africa,  Canary  lalee,  and  Madeira. 

A  specimen  in  the  Naples  collectioD,  already  referred  to,  ii 
marked  Trocopora  brutia,  Costa  ;  but  I  am  not  aware 
whether  Costa  published  a  description  of  it,  which  wat 
probably  collected  by  him,  and  was  ^m  the  pliocene  ii 
Amato  (Sicily). 

This  is  the  eame  species  as  Smitt  figures  as  Capularit 
doma,  d'  Orb  but  upon  what  grounds  Smitt  thinks  this  ii 
the  same  as  DiscoSostrella  doma  of  d'Orbi^y  (PaL  cret 
p.  561),  I  am  unable  to  understand,  as  the  figure  and 
description  of  d'Orbigny  are  insufficient  for  determining  any 
recent  q>ecie8. 

Although  the  form  of  the  zooecia  agrees  with  the  figom 

of  Manzoni  and  Smitt  the  shape  of  the  zooariom  is  more 

depressed,   and   the  description  of  tiie  Bruccoli   specimBO 

should   be  polyzoario  depresso-ocouoo,'  instead  of  hemit- 

_pherico. 
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Loc.  Castell- Arquato,  Orciano,  Mt.  Mario,  Rhodes.  Living 

— ^Florida. 

Cyclostomata. 

32.   Diastopora  flabellum,  Bs8. 

Die  foss.  Poly,  der  Wien,  Tertiar,  p.  51,  tab.  viL,  fig.  9. 

Manzoni — ^I  Briozoi  foss.  d.  Miocene  d' Aust.,  pt.  iii. ;  Denk. 
Ak.  Wien,  1877;  p.  14,  tab.  xiii.,  fig.  62. 

Diastopora  simplex,  Busk  (non  d'Orb.),  Crag  Poly.,  p.  113, 
tab.  zx.,  fig.  10. 

From  the  specimens  from  Bruccoli  I  feel  sure  that  flabel- 
lum  and  simplex  are  synonyms.  Dr.  Busk,  in  naming  his 
species  simplex,  has  apparently  overlooked  the  fact  that 
d'Orbigny  had  already  given  this  name  to  another  species, 
which  he  subsequently  changed  to  Discosparsa  simplex,  but 
which  would  now,  according  to  the  catalogue  of  the  Cyclos- 
tomata, be  Diastopora. 

Loc.:  Miocene — ^Eisenstadt,Wildon, &c.  Pliocene — Crag; 
Living — ^Naples.,  &c. 

33.  Alecto  major,  Landsb. 
Syn.  A  repens,  S.  Wood. 

Loa  Pliocene — Crag  (red  and  coralline),  Dou6  (P),  Castro- 
caro.  Living — ^Arctic  seas  to  Mediterranean,  Florida;  at 
Naples,  on  Terebratula  vitrea,  also  from  other  localities,  as  a 
deep  water  form. 

34.   Pustulopora  proboscidea,  M.  Ed. 
Loc.   Living,   Shetland  seas,    Mediterranean,   Teneriffe, 
Canaries,  and  Madeira.     (Busk's  Cat.,  pt.  iii.) 
This  I  dredged  at  Naples  in  30  fathoms  and  deeper  water. 

Fig.  15. 
35.   Pustulopora  rugosa,  d'Orb. 

Entalophora  rugosa,  d'Orb;  Pal.  Franc:  p.  795,  tab.  754. 
fig.  18-20. 

Pustulopora  rugulosa,  Manz. ;  I  Brioz  foss.  del  Miocene 
d' Austria  e  Ungheria;  parte  iii.,  p.  11,  tab.  x.,  fig.  38; 
Dehk.  Ak.  Wiss,  Wien,  xxxviii.,  1877. 


Colony  composed  of  cylindiical  branoliea  corered  viHik 
tubular  projecting  cells,  the  tubes  and  interspaces  rugosBf 
in  old  branches  tubes  closed  at  the  base  by  a  dtapbragm; ; 
surface  finely  punctured. 

I  am  unable  to  see  any  difference  between  the  Uring,  thft 
chalk,  and  the  mioeene  species  as  far  as  can  be  gathenj) 
from  the  figures  and  description. 

It  is  only  in  well  preserved  specimens  and  with  a  faiilf 
high  power  that  the  punctures  in  the  surface  can  be  seen,  1» 
that  this  character  would  often  be  wanting  in  fossils.  Tke 
figure,  natural  size,  is  from  a  specimen  dredged  at  Napls^ 
where  it  is  not  rare,  at  depths  from  Si)  fathoms  downward* 
I  have  also  taken  the  license  of  adding,  from  it  recent  8p«i*fl 
men,  two  tubes  on  the  right-hand  aide,  to  show  the  iengtb 
thoy  attain.  In  the  specimen  irom  Brucooli  the  ends  ■ 
broken  off. 

Loc.  Chalk,  ^tage  22*,  as  nigosa,  Yend6me,  Trdot  (Ldir 
et  Cher),  Veules  {Seine  Inf.)  Miocene — Eost«l,  Lopogfr 
Wildon,  St.  Nicholai,  Gartschenthal,  Steinabninn,  Nieder- 
leis,  Xussdorf,  GrusBbach. 

Figs.  11.  13. 
36.   Diacc^xnellA  mediterraQea,  Bkin. 

Busk's  Cat.  Marine  Polyzoa,  pt.  iil,  1876,  p.  33,  t*K 
xxziv,  fig.  4. 

Lichenophora  MeditemtQeft,  Blain,  Man.  d' Austin,  p.  407. 

In  the  material  collected  by  Br.  Fuohs,  from  Brooooli, 
there  are  a  few  fragments  aduate  and  one  stipitate,  And  tt 
would  seem  that  the  mode  of  growth  should  not  be  tiMd  u 
a  generic  character.  This  view  would  lead  to  the  addition 
of  Befrancia  to  Biscoporella,  and  as  this  is  a  very  variaUB 
speoiee  it  seems  possible  that  Befrancia  luceroaria  is  only  ■ 
variety.  The  cells  of  the  rays  are  ia  some  much  raiaed,  in 
others  the  rays  are  less  distinct. 

Loo,  Fossil — ^Astez  an,  YaucluM.  PliooeKe-H&ati  (tfioW)) 
Pmma  (Calabria),  my  oollectisn.     LiTing — N^iIm)  lip>* 
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nariaa  zone   (A.W.) ;     Mediterranean^    on  shall  (H.M.S. 
Porcapine),  (Busk). 

Dr.  Busk,  in  his  catalogue^  speaks  of  this  being  found  in 
the  Miocene,  but  he  probably  qiiotea  the  kxsalitiea  on  the 
authority  of  Miohelin.  The  Asti  beds  are  Pliooene,  and  I 
think  the  other  two  localities  are  of  the  same  age,  but  have 
no  exact  information. 

37.  Discopovella  radiata,  Aud. 
Disoosparsa  patina,  Heller,  Die  Bryozv  des.  Adriat  Meeres, 

p.   122.     Yerh.  der  k.k.   aool-botan.    G^sell.   Wien,   torn* 
xvii.,  1867. 

Loe.  Living — ^Yenioe,  Crivissa,  Lessina,  Lissa,  Ouzda, 
South  Devon;  Naples,  on  Laurencia  papUlosa,  abundant,  and 
on  other  seaweeds. 

Heller  speaks  of  it  occurring  in  from  20-^6  fathoms^  but 
at  Naples  I  found  it  in  shallower  water. 

Pigs.  13,  14. 

38.  Diastopora  cupula  d'Orb. 
Discosparsa  cupula.  Paleont.  Franc.  voL  v.,  p.  823,  tab.  758, 

fig.  1-6. 

Colony  discoidal,  cup  shaped  regular,  thick  under  surface^^ 
marked  with  concentric  lines,  and  rayed  striae,  cells  im- 
mersed, free  at  the  end,  composed  of  three  or  four  layers  of 
cells. 

Only  one  specimen  found  at  Bruccoli,  in  which  I  am 
unable  to  find  any  variation  from  that  described  by 
d'Orbigny  from  the  lower  white  chalL 

It  is  possible  there  was  a  thin  border,  as  in  Discoporella. 
There  is  another  species,  Discosparsa  laminosa  d'Orb.,  which 
is  closely  allied  to  this. 

Loe.   Turonian  Angoul^me. 

39.   Frondipora  reticulata,  Blain. 
forma,  verrucosa. 
Prom  dredgings  at  Naples  I  have  specimens  which  exactly 
cmi^Qspond  with  both  P.  reticulata  and  vermoesay  LamXy 


and  also  one  with  both  cbarooters,  shoiring  that  there  it 
only  one  species.  Professor  Smitt  calls  this  forma,  Temt- 
ooaa,  and  to  show  the  mode  of  growth  I  ha^-c  followed  him, 

Loc.   Mediterranean,  Kamschatka,  Spitzbergen. 

In  the  Geological  Museum  of  Naples  I  believe  some  frag- 
mente  from  Caniteilo  and  Amato,  and  marked  Betepoift" 
cellulosa,  are  Frondipora  reticulata. 

Fig.  17.  18,  19. 
40.  Meaenteripora,  sp. 
•  On  a  piece  of  Mvriozoon  there  is  a  growth  like  Diaato- 
pora,  which  rises  into  the  foliaceoua  form,  aa  ae^i  in  fig.  19. 
The  surface  is  decidedly  rugose,  whereas  in  Mesenteripora 
meandrina,  although  there  is  a  tendency  to  rugosity,  none 
of  my  specimens  from  Naples  could  be  called  so,  and  some 
are  quite  smooth.  The  cells  are  mostly  immersed,  with  free 
terminations.  As  there  is  only  this  one  small  piece  it  woold 
not  be  safe  to  say  if  this  is  meandrina  or  a  new  species. 
41.    Homera  frondicnlata.  Lam. 

M.  Edwards— Homera  affinis,  M.  Ed.  Ann  des  Se.  Nat 
2e  ser.,  vol.  ix. 

Michelin — ^H.  Andegavensis,  Icon.  Zooph.  318,  Ixxri., 
fig- 8. 

Loc.   Pliocene — Sceaux,   Doud,  Crag,   Sicily,  Castrocaro, 
Ficarazzi  (Sicily),  Pruma  and  Gerace  (A-W.)     Living- 
Adriatic,  on  Nullipores  and  Corals,  at  considerable  depths. 
(Heller).     Dredged  at  Naples  in  the  deeper  dredgings. 
Fig.  16. 

This  seems  the  same  as  Mauzoni  (Briozol  di  Caatrocsn) 
has  figured  as  Aetea  sica,  but  I  do  not  see  from  his  figoie 
why  he  does  not  call  it  Alecto,  and  believe  it  is  the  same 
which  usually  grows  with  more  cells  along  the  line  of 
growth,  and  which  he  figures  as  Alecto  repens. 

Nearly  all  of  those  which  are  not  put  down  as  existiii; 
at  the  present  time  are  represented  by  species  very  closely 
allied,  and  the  snmbw  of  Uving  will  nndosbtedly  be  htgdj 
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increased  by  further  collection  of  Bryozoa  and  by  a  reduc- 
tion of  the  synonyms. 

There  are  four  species  which  I  am  imable  to  distinguish 
from  those  figured  as  fossil  in  the  chalk:  2  are  Upper 
Eocene,  15  Miocene;  30  have  been  found  in  Pliocene 
deposits ;  30  are  now  known  living,  all  of  which  I  collected 
at  Naples. 

It  will  have  been  seen  that  the  greater  niimber  of  this 
list  are  those  which  inhabit  the  deeper  zones,  and  we  may 
conclude  that  these  beds  were  deposited  in  a  depth  of  not 
less  than  40  fathoms.  Of  course  there  may  have  been 
changes  of  level,  and  some  lived  in  shallower  waters, 
but  not  less  than  40  fathoms  may  be  taken  to  be  the 
general  indication,  which  is  also  apparent  from  the  Tere- 
bratulae  on  which  many  of  item  grew. 

In  considering  the  niimber  of  species,  we  must  remember 
that  they  were  not  collected  by  anyone  who  went  purposely 
to  collect  Bryozoa,  but  I  presiime  casually  with  other  fossils, 
and  that  many  might  thus  escape  detection ;  and  this  is 
borne  out  by  only  finding  one  imperfect  fragment  of 
Idmonea  and  one  of  Salicomaria,  both  of  which  we  may, 
from  the  examination  of  neighbouring  deposits,  conclude 
were  abundant,  and  when  we  also  think  how  large  a  pro- 
portion of  the  Bryozoa  are  incapable  of  or  are  seldom  fossil- 
ized, it  is  apparent  that  these  seas  were  inhabited  by  a  large 
Bryozoan  fauna. 

In  considering  more  in  detail  some  of  the  species,  I  have 
already  noticed  that  there  are  many  cases  where  Eschara 
and  Lepralia  have  similar  zooecia  (cells),  and  that  in  this 
small  collection  two  cases  of  the  kind  occur — ^the  one  Lepralia 
biaperta,  as  an  Eschara,  and  the  other  Bifiustra  rynchota, 
with  ceUs  like  a  Membranipora  from  the  Crag.  There  are 
also  cases  where  Lepralia  can  grow  as  an  erect  form  for  a 
short  space,  and  such  suggest  the  consideration  as  to  how 
far  Eschara  and  Lepralia  are  satisfactory  genera,  and  I  must 
say  the  conclusion  I  have  arrived  at  is  that  they  are  very 
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artificial.  A  great  part  of  zoological  and  paleontological 
classification  must  be  artificial,  and  may  often  be  none  the 
less  useful,  and  I  therefore  hope  that  untQ  there  is  much 
more  information  on  what  to  base  classification,  that  they 
will  be  retained,  and  regret  some  attempts  which  I  regard 
as  premature  to  largely  subdivide  these  into  new  genera. 

D'Orbigny  based  his  classification  upon  many  characters, 
without  understanding  their  zoological  signification,  and 
the  consequence  was  that  some  forms  could  actually  bdong 
to  several  genera,  and  the  confusion  of  his  classification  was 
in  some  cases  very  great.  Since  then.  Busk,  Beuss,  and 
ethers  have  rescued  these  animals  from  the  confusion  of 
classification  in  which  they  then  were  :  however,  there  are 
some  principles  introduced  by  D'Orbigny  which  might 
have  perhaps  well  been  retained.  D'Orbigny  attached  much 
greater  importance  to  the  form  of  the  cell  than  to  the  mode 
of  aggregate  growth,  and  in  some  cases  signified  the  form 
of  a  colony  by  an  affix,  so  that  there  was  Eschara  and  Rept- 
eschara,  the  first  erect  and  the  second  encrusting,  so  that  on 
this  principle,  with  such  a  form  as  fig.  8,  the  one  from 
Bruccoli  might  be  described  as  Eschara  biaperta,  and  the 
ordinary  one  from  the  crag  as  Repteschara,  and  at  once 
would  be  apparent  not  only  what  was  the  form  of  the 
colony  but  also  of  the  cells. 

A  Swedish  naturalist,  Smitt,  one  of  the  most  careful 
observers  of  the  Brj'^ozoa,  attaches  much  more  importance  to 
the  form  of  the  cell  (by  which  I  mean  the  characteristic 
points  in  the  aperture,  the  position  and  nature  of  the  avicu- 
laria  and  vibracula,  &c.)  in  generic  classification  than  has 
been  done  by  some  in  this  country,  and  undoubtedly  reWsion 
must  some  time  be  made  of  these  groups  of  Lepralia, 
Eschara,  and  Mcmbranipora,  which  have  now,  by  the 
addition  of  so  many  new  forms,  living  and  fossil,  become 
inconveniently  large. 
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1.   Salciomaria  fiirciminoideB, 
SU.  and  Sol 

8.  HembiamporabidenSyHag. 

8a. Lacroizii,  Say 

Zm  •^ —  andegarexisis    

var.  papyracea 

4«  ■        ang^oBa,  Ras 

6.  Lepialia  dliata,  Pall   .... 

6.  — 

7.  - 
».  - 
».  — 

10.  - 

11.  - 


—  Morriaana,  Buak. . . . 
^  TulgariB.  Moll 

—  cocdnea,  Abild 

—  innominata,  Coach  . . 

—  arrecta,  Boa. 

—  aaaata,  John.    

12.  - —  auriciilata,  Haas  . .  • . 


IS. 
14. 
16. 
16. 
17. 
18. 


do.  var.  Leontmienais 

cnpulata.  Mans 

Bowerbankia,  Buak. . 
resnpinata,  Mans.    . . 

scripta*  Boa. 

Pallaaiana,  Moll.  . . . . 


19.  GeUepora    coronopua,     8. 
Wood 


20. 
21. 


tuhig^era,  Biiak. 
lamuloaa,  Linn. 


22.   Hippothoa        catenolaria, 
Jame. 


.•••••.....•.*• 


23.  Eachara  lunaria,  nov.  ap. . . 


24. 
25. 


ceiricomia,  EU.  &  SoL 

biaperta,  Mich.     . . 
yar.  eachariformia 


26.  pertosa,  M.  Ed. 

27.  foliacea,  Tar.  faacialia. 

28.  Biflnatra  lynchota,  nov.  ap. 

29.  Betepora  celluloaa,  Linn. . . 

80.  Myriozoon  tnmcatiim,  Pall. 

81.  Capnlaria  Renwriana,  Bianz. 

82.  Diaatopora  flabellum,  Baa.. 
88.  Alecto  major,  Landab 
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ON  LIGHTING  SHOTS  IN  MINES. 

By  Mr.  Alexander  Sutheriand,  of  Carrickfergas. 

Commumcated  by  Mr.  Joseph  Dickinson. 


A  few  months  ago  we  were  sinking  a  shaft  through  hard 
basaltic  rock,  which  had  to  be  blasted  by  djmamite.  The 
man  in  charge  was  an  experienced  miner,  and  well  up  to 
this  kind  of  work,  but  he  frequently  expressed  his  dissatis- 
faction at  the  large  quantity  of  fuse  he  used. 

I  cannot  help  it,  he  said,  because  my  way  of  escape  is  so 
slow, — either  up  this  old  ladder  or  in  the  bucket,  and 
neither  to  be  much  trusted.     The  other  day  a  round  of  the 

"ladder  broke  with  me  when  coming  up  after  firing  the 
fuse,  and  I  fell  to  the  bottom,  and  was  just  in  time  to  cut 
off  the  lighted  end  of  the  fuse.      I  was  only  six  or  eight 

"  feet  up  when  the  round  broke,  and  had  I  been  stunned  by 
the  fall  I  should  have  been  blown  up  too.  I  fastened  a 
piece  of  chain  to  a  rope,  made  a  few  of  the  links  red  hot, 
and,  lowering  it  down,  fired  the  fuse,  but  this  is  by  no 
means  satisfactory,  and  the  '  snuff'  process  is  often  terribly 

"  alow." 
Sometime  previously  I  gave  him  a  small  apparatus  to  fire 

his  shots  by  electricity,  but  the  men  did  not  imderstand  it» 

besides  it  was  deficient,  excepting  in  experienced  hands. 

A  few  months  ago  an  article  in  the  "Mining  World," 
entitled  "Dynamite  and  Cotton  Powder,"  commenting  on 
the  report  of  Major  A.  Ford,  R.A.,  the  Government  In- 
spector of  explosives,  into  the  circumstances  attending  the 
explosion  on  August  23rd,  in  the  London  and  North-Western 
Railway  tunnel,  near  Festiniog,  says  the  method  of  igniting 
the  fuses,  which  is  worthy  of  untutored  savages,  rather  than 
practical  miners,  renders  it  surprising,  not  that  a  few  men 
have  been  killed,  but  that  the  deaths  are  not  of  daily  occur- 
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rence.  Describing  the  manner  of  firing.  Major  Ford  stateB 
that  "  the  ond  of  the  piece  of  fuse  projecting  from  the  hole 
"  18  secured  to  the  rock  by  means  of  clay,  and  a  small  piece 
"of  candle  (called  by  the  men  a  "snufl")  is  fixed  also  with 
"  clay  below  the  loop  thus  formed,  bo  that  when  lighted  the 
"  flame  shall  be  in  contact,  with  the  outside  of  the  fuae.  If 
"  the  fuse  were  simply  ignited  at  the  end,  the  Same  would 
"pa^s  very  rapidly  through  Jt  to  the  charge,  and  there 
"would  not  he  time  enough  for  the  men  to  get  out  of  the 
"  way,  indeed  some  of  the  charges  would  in  all  probabilitf 
"be  fired  before  all  the  fuses  could  be  ignited;  bat  by 
"placing  the  snuffs  in  the  position  doscribed,  the  fuee  must 
"be  burnt  through  before  the  gunpowder  in  the  interior 
"  thereof  is  reached,  and  a  considerable  time  consequently 
"  elapses  before  the  first  report  is  heard.  As  soon  as  all  tlu 
"  snuffs  are  secured  to  the  rock  they  are  rapidly  lighted,  and 
"the  firemen  withdraw  out  of  danger." 

The  necessity  of  some  practical  method  of  firing  foBM^ 
struck  mc  so  forcibly  that  it  ultimately  became  the  mother 
of  invention,  and  the  little  modest  apparatos  sent  yon  is  the 
result  of  B  series  of  experiments  towards  this  end. 

My  earlier  experiments  were  with  preparationB  of  gim 
cotton  and  xyloidin,  but  tbe  temperatures  required  to 
explode  these  substances  were  below  that  of  ganpowdet, 
and  consequently  failed  to  ignite  the  fuse ;  bemdes,  I  fmind 
they  were  liable  to  spontaneous  ignition.  I  snooeeded  better 
by  immersing  cotton  wool  in  a  satoiated  solution  of  cUorate 
of  potass,  and  made  the  ignition  more  lasting  and  Tehemrat 
by  the  admixture  of  sugar.  The  proportions  giring  the 
best  resnlts  were  3  of  chlorate  of  potass  to  1  of  crystallised 
engar.  Wben  completely  saturated,  tbe  prepared  «>tb» 
was  tborougbly  dried  in  a  water  bath.  It  is  hygroscopio^ 
but  retains  its  full  igniting  powers  even  after  lying  sereral 
months  in  the  dampest  parts  of  the  mines.  It  will  not 
ignite  spontaneously.  This  preparation,  however,  reqnirei 
sulphuric  acid  to  effect  its  ignition.     The  appv^tas  OOUJlt*. 
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of  a  cjlinder  containing  a  sofficient  quantity  of  the  acid  for 
say.  a  hundred  shots,  and  is  so  constructed  that  it  is  impos- 
sible the  acid  can  drop  on  the  cotton  excepting  at  the  will 
of  the  fireman.  This  is  essentially  requisite  so  as  to  guard 
against  accidents. 

The  charge  is  made  in  the  usual  manner,  but  the  fuse  is 
out  off  within  say  l|in.  above  the  top  of  the  hole.  The 
instrument  is  laid  on  the  top  of  the  fuse,  so  that  the  fuse 
passes  up  through  the  hole  and  into  the  little  cup,  into 
which  a  small  portion  of  cotton  is  laid.  A  cord  is  attached 
to  a  little  spring  lever  communicating  with  the  cylinder 
containing  the  acid;  the  end  of  this  cord  is  conveyed  to  a 
place  of  safety,  and,  when  pulled,  draws  round  the  cylinder, 
the  aoid  from-  which,  through  the  pipette,  drops  on  the 
cotton,  which  instantly  ignites,  firing  the  fuse.  The 
cylinder  immediately  returns  to  its  original  position.  The 
instrument  can  be  drawn  out  of  danger  of  the  explosion. 
It  is  necessary  the  little  cup  should  be  cleaned  out  before 
setting  the  instrument  for  another  firing. 

Many  modifications  in  the  mechanism  of  this  instrument 
suggest  themselves,  and  it  could  also  be  constructed  so  that 
the  cotton  in  the  cup  could  be  fired  imder  a  gauze  cover. 

Several  of  them  could  be  set  so  as  to  be  fired  by  one  cord 
issuing  from  one  common  centre.  I  mean  that  cords  from 
several  instruments  could  be  attached,  by  a  simple  con- 
trivance, to  one  single  cord,  the  pulling  of  which  would 
operate  on  all  the  other  attached  cords. 

The  great  objection  to  this  instrument  is  the  necessity  of 
using  sulphuric  acid,  which  must  be  contained  in  a  cylinder 
of  lead,  which  is  liable  to  become  injured.  Of  course  this 
could  be  cased  in  an  iron  cover,  yet  the  necessity  of  using 
acid  at  all  is  objectionable. 

To  obviate  this  difficulty,  I  have  devised  an  instrument 
which  ignites  a  preparation  of  phosphorus  against  a  corru- 
gated steel  disc  in  contact  with  the  end  of  the  fuse.     When 


perfected,  I  believe  for  simplicity,  lightness,  and  efficiency 
it  will  be  considered  a  boon  to  those  engaged  in  bUsting, 
and  I  hope  be  tbe  means  of  preventing  many  accidents. 
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The  Pkesident  said:  Mr.  Sutherland  refen  to  tl» 
principal  methods  in  common  use  for  lighting  shots,  as  wdl 
as  to  other  methods  which  arc  used  on  special  occadons.  It 
ia,  I  think,  between  40  and  50  years  since  safety  fuse  came 
into  use.  Before  that  time  the  straw,  or  a  paper  Mjdb, 
filled  with  fine  powder,  with  touch-paper  or  a  small  piece  of 
candle-wick,  or  other  slow  match,  were  in  use.  Even  still 
they  are  not  uncommon  in  some  mines ;  and  in  rock-aalt 
mines,  where  aometimes  about  one  hundred  pounds  of 
powder  are  fired  in  a  day,  the  straw  and  wick  are  almost,  if 
not  exclusively  used.  In  using  squibe,  or  straws,  a  pricker 
has  to  be  used  whilst  the  stemming  is  being  done,  in  order 
to  leave  a  hole  for  inserting  the  straw  or  squib.  Shots  in 
this  way  are  fired  quickly,  and  with  seldom  any  aociden^ 
and  they  make  less  smoke  than  fuse.  With  fuse  no  pricker 
is  needed,  nor  ia  any  other  slow  match  except  the  fuse  itsdf 
considered  essential,  sufficient  length  of  fuse  being  left  to 
allow  time  for  the  person  who  lights  it  to  get  out  of  the 
way.  In  coal  mines  in  this  part  of  the  country,  where 
blasting  is  extensively  practised,  the  pricker  and  straw  ha* 
chiefly  been  substituted  by  the  fose.  Where  safety  lamps 
are  used  aa  an  extra  precaution,  but  where  the  mine  ii 
adequately  ventilated,  and  it  is  considered  safe  to  fiie 
shots,  the  fuse  is  usually  lighted  by  a  fine  wire,  called  a 
snuffing  wire,  which  is  heated  through  the  gauze,  otbn- 
wise  the  lamp  has  to  be  c^>ened  by  the  shot-lighter. 
In  sinking  pits  through  strong  feeders  of  fire-dam^ 
where  blasting  is  indispensable,  the  shots  have  some- 
times to  be  lighted  by  a  hot  ring  guided  by  a  wire.  Elec- 
tricity, percussion  caps,  or  such  like,  might  be  made  to  serve 
the  purpose;  but  they  are  not  found  in  practice  to  be  so 
convenient,  and   are  only  used  on  apecial   oocsaons.    In 
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usmg  dynamite,  which  requires  percussive  force,  fire  is 
usually  communicated  to  the  detonator  by  fuse  or  other 
alow  match  in  the  ordinary  way.  Mr.  Sutherland 
states  the  reason  why  he  gave  up  using  electricity;  and 
it  is  easy  to  imagine  other  reasons  quite  as  valid  why 
the  use  has  not  become  general  where  numerous  shots  are 
being  daily  fired  in  various  parts  of  a  mine.  He  also 
quotes  Major  Ford's  condemnation  of  the  use  of  the  "snuff'' 
as  a  slow  match,  but  suggests  no  substitute  except  his  own 
proposed  apparatus,  which  may  not  be  universally  accepted. 
It  is,  of  course,  essential,  before  lighting  a  fuse  or  slow 
match,  that  precaution  should  be  taken  to  ensure  a  retreat, 
and  to  see  that  no  other  person  comes  inadvertently  in  the 
way  between  the  lighting  and  the  goingK)ff  of  the  shot. 
Occasionally,  however,  as  Mr.  Sutherland  points?  out, 
accidents  are  liable  to  happen  from  a  person  being  unable 
to  get  out  of  the  way,  especially  in  the  bottom  of  a  pit. 
Accidents  have  also  occasionally  happened  from  bad  fuse 
firing  too  quickly,  and  from  the  inadvertant  lighting  of  the 
powder  in  the  squib  or  straw  instead  of  the  slow  match. 
Possibly  some  of  the  numerous  practical  mining  members 
of  this  Society  can  suggest  improvements  upon  the  common 
methods  of  lighting  shots,  and  upon  Mr.  Sutherland's 
method,  which  may  be  of  service.  In  reference  to  Mr. 
Sutherland's  invention,  the  President  said  that  when  the 
apparatus  was  shown  to  him,  the  first  question  he  asked 
as,  "How  would  you  get  the  apparatus  out  of  the  way, 
when  the  shot  goes  off,  lest  it  should  be  blown  to  pieces  P" 
Mr.  Sutherland  replied  that  it  was  to  be  drawn  out  of  the 
way  by  the  string  which  puts  it  into  action. 

Mr.  Pickup  expressed  his  belief  that  there  would  be  great 
difficulty  in  preventing  the  apparatus  from  being  destroyed. 
He  had  always  followed  the  old  plan  of  lighting  shots  by 
means  of  a  fuse. 

Mr.  Peace  also  said  that  at  his  mines  the  ordinary  fuse 
waauaed. 


tlr.  Cakrstt  said  tliat,  is  ming  Ajoa^ai 
were  fired  by  electricity  from  the  surface,  care  being  alwaji 
taken  that  the  men  were  drawn  out  of  harm's  way.  Then 
was  a  conducting- wire  down  the  pit,  from  which  tive  or  six 
branch-wires  were  led,  each  of  which  tired  a  shot, — the* 
branch-wires  being  destroyed  or  rendered  oselesa  by  tha 
explosion.  The  main  wire,  however,  was  not  injured.  Witk 
gunpowder  they  used  an  ordinary  fuae. 

Mr.  Place  and  Mr.  Srddon  said  that  in  their  ininav 
where  gunpowder  was  used,  each  shot  waa  fired  by  means  <^ 
a  fuse. 

Mr.  G.  0.  Grbexwell,  jun.,  said  he  did  not  think  thew 
were  many  mines  where  lives  would  be  placed  at  risk 
through  the  breaking  of  the  ring  of  a  ladder.  He  saw  U» 
same  difBculty  with  regard  to  Mr.  Southern's  apparatus  H 
had  been  mentioned  by  previous  speakers — namely,  the 
difficulty  of  getting  it  out  of  the  way.  Apart  from  that,  Iv 
thought  there  would  be  great  objection  to  its  lue,  especially' 
by  the  men. 

Mr.  Wild  said  it  was  ten  or  a  dozen  yean  since  he  had 
anything  to  do  with  shot-firing.  A  good  doable  fuse,  haxnr 
ing  about  3ft.  per  minute — giving  sufficient  time,  in  tunneli^ 
for  the  men  to  get  out  of  the  way — was,  he  thought  suffi- 
ciently safe,  except  where  gas  happened  to  be.  Goal  gas 
was  readily  ignited  by  the  heat  given  oSl 

Mr.  Maktin  said  that  electricity  had  iieea  tried  in  West 
phalia  at  several  mines  for  shot-firing;  but  from  bob* 
causee— probably  difficulties  with  the  m^i  in  using  it,  com- 
bined with  the  trouble  of  keeping  it  in  working  order,  and 
the  immunity  from  accident  with  the  ordinary  methoda 
It  was  never  carried  much  beyond  the  experimental  stage. 

Mr.  CowBUKN  said  be  had  often  heard  old  minere  expreas 
an  opinion  favourable  to  the  straw.  They  said  that  then 
were  fewer  accidents  from  its  use;  but  to  his  mind  the  fast 
was  a  great  improvement.  Great  difficulty  would  be  fcnmd  ia 
firing  shots  with  the  straw  in  a  wet  place.    At  the  aametinw 
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jie  thought  tiie  diectrioal  machine  was  a  great  improyement 
on  the  fuse,  where  there  was  water  in  any  quantity.  The 
difficulty  would  not,  in  his  judgment,  be  greater  with  an 
electrical  machine  than  with  Mr.  Sutherland's  apparatus. 
The  latter  would  encounter  quite  as  much  prejudice  as 
electricity  did. 

The  Pbesident  asked  if  Mr.  Cowbum  had  tried  electricity 
piactically  for  firing  shots  in  an  ordinary  mine 

Mr.  CowBUBN  said,  Electricity  has  recently  been  tried  for 
flinldng  at  Mr.  Speakman's  Wood  End  Colliery,  near  Leigh, 
where  a  large  quantity  of  water  was  given  off,  and  it 
answered  remarkably  well.  It  is  by  far  the  safest,  and  will 
be  found  as  economical  as  any  other  process  in  the  long  run. 

Mr.  Woodward  said  they  always  used  the  ordinary  fuse, 
both  in  sinking  and  coal  blasting,  and  he  had  not  known, 
during  a  considerable  number  of  years,  any  accident  to  arise 
from  it.  He  had  had  some  idea  of  trying  electricity,  but 
haying  heard  something  said  against  it,  and  been  told  that 
it  did  not  answer,  he  had  not  brought  it  into  use.  But  he 
had  heard  lately  that  it  had  been  very  largely  and  success- 
fully introduced  into  some  of  the  Welsh  slate  quarries,  and 
if  they  could  use  it  there  he  saw  no  special  reason  why  it 
might  not  also  be  adopted  in  sinking  pits.  The  blowing 
away  of  a  few  yards  of  wire  was  no  great  matter:  it  was  not 
to  be  weighed  against  the  perfect  safety  of  their  men.  As 
to  the  straw,  he  could  not  say  that  he  had  eyer  seen  that 
used  in  coal  or  rod  blasting  in  Lancashire. 

Mr.  Smiih  (Bower  Colliery)  said  he  belonged  to  the 
old  school,  as  regarded  the  lighting  of  shots,  belieying  that 
nothing  could  exceed  the  ordinary  fuse  for  safety.  He  had 
been  for  some  twenty  years  engaged  in  a  mine  where,  he 
thought,  as  much  gunpowder  was  used  as  in  any  mine  in 
Lancashire,  and  nothing  was  used  there  but  the  common 
single-tape  fuse.  The  men  worked  with  naked  lights. 
There  had  neyer  been  an  accident,  nor  had  there  been  one 
at  the  Moston  Colliery,  through  the  lighting  of  a  shot ;  and 
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he  thought  if  mmers  were  sufficiently  careful  no  aocideai 
need  ever  occur  from  the  fuse.  He  had  come  to  the  con- 
clusion that  for  all  practical  purposes  the  tape  fuse,  if  th»' 
place  was  wet,  or  the  gutta  percha  fuse  if  it  waa  extra  i 
could  not  be  excelled.  He  did  not  think,  although  UnJ 
fired  40  or  50  shots  per  day,  there  were  three  missed  shol| 
in  the  course  of  the  year. 

Mr.  Ralph  Fletchek,  juD.,said  be  agreed  gener&Uy  vifl 
the  opinion  which  had  been  expressed,  that  if  ordinary  pra- 
cautious  were  used  by  their  men,  and  if  there  was  a  good 
engine  to  pull  them  out  of  the  way  when  the  ehota  i 
fired  in  sinking  pits,  &c.,  the  risk  of  accident  from  use  of  the 
fuse  was  infinitesimal. 

The  PiiEsiDENT  said  that  thousands  of  shots  were  fired 
daily  in  mines,  and  accidents  from  the  lighting  of  thoM  . 
shots  were  very  rare  indeed.     It  is  not  uncommon  to  use  t  J 
"  snuff  "  OS  a  precaution  in  addition  to  the  safety  fuse  wheru 
the  lighting  of  the  mine  is  with  open  lights.  m 


NOTE. 
At  the  ensuing  meeting  the  President  read  the  following 
letter  from  Major  Ford: — 

Home  Office,  29th  May. 
Dear  Mr.  Dickinson, — 

I  have  not  seen  the  article  in  the  "  Mining  World "  to 
which  you  refer  in  your  letter,  of  the  24th  May,  to  Majiff 
Mejendie.  Would  you  kindly  tell  me  the  date  of  the  paptf, 
and  I  wiU  try  to  get  a  copy? 

The  opinion  as  to  the  use  of  "  snufTs  "  is  that  of  the  wriUr 
of  that  article,  not  mine.  Tou  will  see  in  the  re^K>rt  to 
which  it  refers  (copy  enclosed)  that  I  merely  described  the 
method,  so  as  to  explain  what  was,  in  my  opinion,  the  caua 
of  the  accident.  I  did  not  express  any  opinion  as  Aow  thi* 
might  be  improved  on. 

Very  truly  yours, 

A.  FoBO. 
Joseph  Dickinson,  Esq., 

Pendleton,  '£l«u  "lAKiu^bMAja. 
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MANCHESTER  GEOLOGICAL  SOCIETY. 


Pabt  XXII.  Vol.  XIV.  SEsaioir  1877-8. 


The  Concluding  Meeting  of  the  Society  for  the  Session 
was  held  on  Tuesday^  June  25th,  1878,  at  the  Rooms  of  the 
Literary  and  Philosophical  Society,  George  Street,  Man- 
chester ; 

Joseph  Dickinson,  Esq.,  F.G.S.,  President, 

in  the  Chair. 


The  following  communication  from  Mr.  Binney  was  read : 

*'  55,  Peter  Street,  Manchester, 

"  2l8t  June,  1878. 
"  J.  E.  Forbes,  Esq.,  F.G.S. 

"  Dear  Sir, 

"  Owing  to  my  absence  from  town,  I  shall  not  be 
able  to  be  present  at  the  Meeting  of  the  Manchester  Geo- 
logical Society  next  Tuesday.  I  wish  to  direct  the  attention 
of  the  members  to  a  paper  printed  in  Part  XIX.  of  the 
Transactions  of  the  Society,  by  Charles  E.  De  Ranee,  Esq., 
Assoc.  Inst.  C.E.,  F.G.S.,  on  the  "  Palaeozoic  and  Secondary 
Rocks  of  England  as  a  source  of  Water  Supply  for  towns 
and  districts."  In  this  communication  the  author  gives 
some  tables  on  the  mortality  in  towns  where  hard  and  soft 
water  are  used,  from  the  Report  of  the  Rivers  Pollution 
Commissioners,  published  some  time  in  1874,  and  from  his 
remarks,  he  does  not  appear  to  have  been  aware  of  what 
I  had  published  on  the  same  subject  in  March,  1873.     Will 


you  oUige  me  by  reading  at  the  Meeting,  the  aceompBDymi 
report  of  my  paper  in  tte  Proceedings  of  the  Literary  ani 
Philosophical  Society  of  Manchester, 
"I  remain, 

"Yours  truly, 

"Edwd.  Wm.  Bissbi. 
"  One  of  the  Hon.  Sees,  of  the 

Manchester  Geological  Society." 

"  Ordinary  Meeting,  March  I8th,  1873. 
"  J.  P.  JocLE,  D.C.L..  LL.D.,  F.R.S.,  &c.,  President, 

in  the  Chair. 
"  E.  W.  BiNSEv,  F.R.S.,  V.P.,  said  that  during  the  lut 
veek  an  interesting  controversy  had  been  going  on  in  thia 
city  between  the  Town  Clerk  and  the  Professor  of  Ohemisttj 
at  the  Royal  Institution,  as  to  the  quality  of  the  water 
supplied  to  Manchester.  These  disputants  are  well  able  tft 
wage  their  own  warfare,  therefore  it  is  not  my  intentiai 
to  interfere  with  them.  In  these  days  no  one  doubts  tin 
blcfisingH  of  a  constant  supply  of  pure  and  good  wuter;  but 
the  latter  quality  is  determined  in  a  great  meaaure  by  the 
purpose  for  which  it  is  intended  to  be  used.  If  for  manu- 
facturing and  washing,  then  a  pure  soft  water  is  no  doabt 
most  desirable ;  but  it  ia  very  questionable  if  sucli  a  watcf, 
when  conveyed  any  considerable  distance  in  leaden  pipe^ 
is  the  best  for  the  drinking  purposes  of  a  town  population. 

"  In  the  Report  of  the  GommiasionerB  for  Inquiring  into 
the  State  of  Large  Towns  and  Populous  Districts,  Dr.  Lym 
Playfair,  the  Commisaioner  who  reported  on  the  then  snj^j 
of  Manchester,  appears  to  have  directed  little  attention  to 
the  quality  of  drinking  water  for  a  town  population  which 
had  to  a  great  extent  left  off  using  the  milk,  porridge,  broim 
bread,  and  oatcake  of  our  forefathers,  and  resorted  to  sloppf 
tea,  white  bread,  butter,  and  a  little  meat,  for  at  page  411 
of  his  Report,  he  says : — '  In  considering  the  best  meoni  ix 
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the  extension  of  this  benefit/  alluding  to  a  constant  supply, 
'  to  the  working  classes,  or  in  sanctioning  the  formation  of 
new  waterworks,  it  would  be  highly  advisable  to  obtain 
evidence  as  to  the  quality  of  the  water,  particularly  with 
regard  to  its  hardness.     The  value  of  attention  to  this  point 
will  be  obvious,  when  the  difference  of  consumption  of 
soap  is  considered.     I  found  by  various  trials  in  summer, 
that  the  Manchester  water  possesses  a  hardness  equivalent 
of  what  would  be  obtained  if  13  or  14  grains  of  chalk  were 
dissolved  in  a  gallon  of  pure  water.'     The  learned  Commis- 
sioner gives  the  water  at  Aberdeen  at  one  grain  of  chalk  per 
gallon,  and  comparing  that  with  the  14  of  Manchester  and 
the  12  of  London,  he  concludes,  '  Thus  the  hard  water  of 
Manchester  may  be  regarded  as  increasing  the  water  rent  to 
a  family  of  five  individuals  16s.  8d.  per  annum,  or  £49,363 
per  annum  to  the  whole  town,  a  sum  nearly  double  that  of 
the  present  water  rental.     But  large  as  the  cost  entailed 
upon  a  town  by  a  bad  selection  of  water  in  the  imnecessary 
consumption  of  soap,  still  greater  loss  is  incurred  in  the  wear 
and  tear  of  clothes.'     This  was  written  about  thirty  years 
since,  and  I  have  not  the  death-rate  of  Manchester  in  1842. 
In  that  space  of  time,  how  much  money  has  been  expended 
in  Manchester  by  the  public  authorities  in  shutting  up 
cellar  dwellings,  closing  grave  yards,  removing  pigstyes, 
altering  ashpits  and  middens,  opening  new  streets,  and 
supplying  pure  water  P    I  cannot  tell  its  amount,  but  every 
ratepayer  knows  practically  that  it  is  very  large.    In  looking 
at  the  rate  of  mortality  for  the  week  ending  March  8th,  as 
given  in  the  Manchester  Chmrdian^  in  the  21  leading  places 
in  the  kingdom,  it  was  at  the  annual  rate  of  28  per  thousand. 
In  London,  the  rate  was  27  ;  Bristol,  31 ;  Wolverhampton, 
28 ;    Birmingham,  28 ;    Nottingham,  27 ;    Liverpool,  31 ; 
Manchester,  36 ;  Bradford,  26 ;  Sheffield,  27 ;  Newcastle-on- 
Tyne,  31.     Now  I  believe  the  first-named  five  towns  are 


BuppUed  with  hard  water,  and  give  an  aggregate  of  141, 
whilst  the  latter  five  are  supplied  with  soft  water,  and  pw 
an  aggregate  of  151.  This  is  a  significant  fact  and 
worthy  of  grave  consideration.  True,  it  is  only  one  week, 
and  a  whole  year  ought  to  be  examined,  but  I  imagine  tlie 
results,  if  carefully  gone  into,  will  give  no  advantage  lo 
the  use  of  pure  soft  water  when  compared  with  hard,  for  27 
is  a  very  high  rate  for  Loudon.  In  building  up  the  skeletal 
of  an  adult,  large  quantities  of  the  phosphates  and  carbootUi 
of  limea  are  required.  The  well-to-do,  who  consume  plenty 
of  butchers'  meat,  cheese,  and  new  milk,  may  mana^  to 
obtain  what  nature  requires,  but  for  the  poor,  who  live  oo 
sloppy  tea,  fine  white  bread,  a  little  butter,  a  trifle  of  meat, 
and  plenty  of  soft  water,  where  are  they  to  get  their  nece*- 
sary  supply  from  ?  It  is  not  my  intention  to  assert  that  the 
high  rate  of  mortality  is  all  due  to  soft  water.  No  doubt 
there  are  many  causes  which  help  to  produce  it,  but  good, 
wholesome  drinking  water,  containing  carbonate  of  lime, 
and  plenty  of  fresh  air,  which  is  hard  to  get  in  a  close  and 
crooked-built  town  of  high  warehouses,  have  in  my  opinim 
much  to  do  with  it.  In  my  own  case,  I  put  a  little  lime  in 
the  drinking  water  used  in  my  house,  and  I  Live  on  a  sandj 
hill,  well  exposed  to  the  winds  of  heaven.  In  all  sanitaiy 
arrangements,  too  much  attention  cannot  be  given  to  provi- 
ding plenty  of  fresh  air  and  as  much  light  as  practicable." 
The  President  said  he  was  sorry  Mr.  Binney's  hesM 
did  not  appear  to  be  strong  enough  to  admit  of  his  giving 
that  attention  both  to  the  G'eological  Society  and  the  Lite- 
rary and  Philosophical  Society  which  he  had  given  for  n 
many  years.  They  missed  him  mach  at  those  meetings,  but 
must  under  the  circumstances  submit  to  his  absence. 
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EXPLOSIONS  IN  MINES. 


Mr.  Geoegk  Wild  read  the  following  paper  on :  "  Explo* 
sions  of  Fire  Damp,  and  whether  they  can  be  avoided,  or 
their  severity  mitigated : " — 

As  the  subject  of  the  present  paper  has  been  so  ably 
written  upon  and  discussed  before  the  Society  previously. 
An  apology  from  me  would  be  necessary  for  again  intro- 
ducing it,  were  it  not  that,  recurrences  of  calamities,  the 
most  appalling  in  nature  of  any  connected  with  coal  mining, 
arouse  our  sympathy  for  the  sufferers  and  also  our  interest 
in  the  matter  of  self-preservation,  a  feeling  intensely  quick- 
ened by  the  serious  character  of  many  recent  explosions  as 
well  as  by  the  conclusions  arrived  at,  from  investigation 
into  such  cases  as  the  Blantyre  and  other  accidents. 

The  object  of  this  paper  is  to  express  a  few  plain  and 
practical  suggestions,  in  the  hope  that  the  best  means  of 
avoiding,  or  at  least  mitigating  the  sacrifice  of  life  from  ex- 
plosions of  fire-damp  may  be  elicited  in  discussion. 

Part  of  the  last  paragraph  would  seem  to  imply  that 
explosions  are  to  be  considered  as  inevitable  and  that  allevi- 
ation of  consequent  sacrifices  of  life  and  suffering  is  aU  that 
we  should  aim  at,  in  despair  of  entirely  preventing  their 
occurrence.  Such  however  is  not  the  feeling  of  the  writer 
and  such  an  idea  will  not  I  am  sure  have  been  for  a  moment 
entertained  by  the  members  of  this  and  kindred  Associations. 

Whilst  however  we  do  not  despair  of  ultimately  vanquish- 
ing our  subtle  foe  and  thus  entirely  preventing  explosions 
it  is  our  imperative  duty  to  seek  for  and  adopt  aU  reason- 
able means  to  minimize  their  disastrous  effects, — and  for 
this  reason  should  examine  the  various  sources  from  which 
they  arise. 

One  source  of  danger,  common  to  some  districts,  though 
not  often  known  to  be  the  cause  of  explosions,  is  worthy  of 
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flenaaseduuHntion,  tU.,  tpontant^iu  eombuttioii.  Haring 
had  TGTT  limited  experieoco  ia  this  form  of  difficulty,  with 
the  exception  of  heap-fires  on  the  tsaiiaoe,  I  con  say  bat 
little  as  to  their  avoidAbility. 

Elements  hig:h]y  broonble  to  chemical  aeticm,  and  rxm- 
aeqoently  to  cumulatire  heat,  must  be  pres^it  from  the  iati 
that  a  sort  of  liquihction  of  the  bydro-csrbon  takes  plan  1 
previoiu  to  actual  oocnbustiaii,  rounding  off  the  angles  of  the  ' 
coal,  which,  fram  their  expo«ed  form,  are  most  easily  acted 
upon,  producing  a  tarry  substance,  the  genn  of  sponta«om 
combustion  ;  the  generation  of  which  is  no  doubt  accelerated 
by    the   solphnr,  oxygen,   and   phosparous, — ^highly  com- 
bustible elem«its  found  in   connectioii   with  the  pyriliud 
remains  of  fishos,  met  with  immediately  on  the  top  of  coil  ] 
seams.     These  substances,   becoming  intermixed  with  tlia 
coal,  probably  lead  to  many  of  the  underground  fires,  whit^  J 
take  place  when  the  necessary  conditions  of  moistora  li 
tion  of  air,  and  to  some  extent,  beat-producing  pressore  i 
present.     We  also  find  in  the  ahalea,  salts,  in  the  production 
of  which  sulphuric  acid  takes  an  active  part,  generating  a 
degree  of  heat,  which,   when  the  necessary  conditions  us 
present,  is  sufficient  to  account  for  some  of  the  phenomcaia 
warning  ns  of  the  near  approach  of  actual  combustion.    The 
precaution  against  this  kind  of  accident  will  be  best  ondei- 
stood  by  gentlemen  posseased  of  much  experience  in  such 
cases, — opinions  widely  diverging  as  to  the  best  means  nut 
being  oncommon. 

The  most  serious,  and,  at  the  same  time,  most  onaToidaUe 
accidents  in  connection  with  mining,  which  are  under  the 
present  efficient  system  of  inspection,  management,  and 
colliery  appliances  most  to  be  feared,  are  those  arising  from 
the  sudden  and  unexpected  appearance  of  explosive  gas  in 
such  quantities  as  to  foul  the  otherwise  well  ventilated  work- 
ings, thereby  rendering  a  well-conditioned  Davy-lamp  unsafe^ 
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even  in  the  hands  of  a  skilful  miner.  These  influxes  of  gas 
arise  in  several  ways,  which  are  more  or  less  unavoidable. 
DepresHon  of  the  barometer,  though  not  sudden,  niay,  from  a 
lessened  pressure  on  the  pores  or  fissures,  from  which  the 
gas  exudes,  or  from  extensive  goaf-cavities,  aUow  sufficient 
expansion  of  the  volume  as  to  foul  the  ventilation.  Yet 
cases  have  been  met  with  in  practice,  where  a  slackened 
ventilation  would  often  neutralize  that  effect,  for  a  time 
proportionate  to  the  extent  of  goaf-cavity  ventilated.  An- 
other dangerous,  and,  to  some  extent,  unavoidable  cause  is,  a 
sudden  settling  down  of  the  roof  or  upheaval  of  the  floor  in  the 
goaves,  when  working  homewards,  undoubtedly  often  the 
cause  of  serious  explosions  by  forcing  out  the  gas  upon  a 
naked  light,  or,  if  you  will  allow  me  the  paradox,  unsafe 
safety  lamp.  The  most  to  be  dreaded,  and,  so  far,  the  most 
imavoidable  is  the  outburst  proper,  the  avoidance  of  which, 
so  far  as  practicable,  is  one  of  the  objects  of  the  writer  in 
bringing  before  you  the  practical  suggestions  contained  in 
this  paper.  Thirty  to  forty  years  ago,  cases  were  rare  in 
this  part  of  the  country,  though  very  fiery  mines  were  then 
being  worked,  in  which  more  than  three  persons  were 
injured  by  the  same  explosion ;  and  the  thought  of  danger 
to  anyone  not  in  the  immediate  vicinity  of  the  accident  was 
as  rarely  entertained.  A  peculiar  sensation,  commonly 
known  as  sucking  in  the  ear,  distinct  from  that  of  a  heavy 
blown  out  shot,  followed  by  a  vibratory  rattle  at  the  air- 
doors,  was  the  usual  indication  of  gas  having  been  ignited 
somewhere.  Now,  however,  we  have,  in  some  cases,  less 
fiery  mines,  worked  with  a  sweeping  ventilation,  which,  at 
that  time,  would  have  been  thought  sufficient  for  four  such 
collieries.  Yet  explosions  occur,  terribly  destructive  to  life 
and  property  ;  and  awfully  unconsoling,  from  the  fact  that 
often  the  whole  of  those  from  whom  we  might  expect  to 
glean  the  cause  of  the  calamity  are  swept  away,  not  wholly 


by  the  fearfol  blaat,  the  scorching  flame,  or  the  deadly  aftfl^  ■ 
d&mp,  but  (if  no  mieuaderataading  esL^ts,)  ia  a  maimer 
propounded  by  ooe  of  our  moat  able  and  experienced  mine 
inspectora — on  ideo  for  which  he  ia  responsible, — namely, 
killed  instantly  aa  the  spot,  pick,  hammer,  or  shovel  in 
band,  by  some  peculiar  action  of  the  atmosphere  of  the 
mine  at  the  moment  of  explosion,  whether  by  compro- 
sioB  or  rarefaction  is  not  quite  cl<>ar ;  but  certain  it  is,  tha- 
^rest  weight  miiat  bo  Httachcd  to  that  opinion,  coming  from 
the  sourcB  it  dooa.  It  is  unconsoting,  allow  me  to  repeat,  to 
find  that,  thoagh  the  blast,  the  flame,  and  the  poisonom 
after-damp  may  be  escaped,  yet  another  dcadUy  force  comes 
into  play,  cutting  off  those  who  might  have  been  of  the 
greatest  service  to  their  stricken  comrades,  in  at  aate 
directing  the  ventilation  to  its  proper  course,  and  estinguish- 
ing  the  germs,  should  any  exist,  of  what  might  become  b 
serious  fire. 

The  avoidance  of  sudden  influxes,  and  consequent  liability 
to  accidents  arising  therefrom,  and  to  counteract,  as  much  as 
possible,  their  disaatroua  effects,  when  they  unfortunately 
occur,  will  be  the  aim  of  Hie  suggeationa  put  forth  in  the 
remaining  portion  of  the  paper. 

What  ia  an  adequate  amount  of  ventilatioa  in  Aerj 
collieries  to  attain  comparative  security,  depends  so  mudi 
upon  the  degree  of  its  gaseous  character,  as  well  aa  Uie 
angle  of  inclination  of  the  seam,  and  whether  it  be  worked 
wholly  on  the  dip,  or  rise,  or  a  combination  of  the  tro ;  aba, 
whether  it  be  worked  on  the  long-wall  principle,  and  the 
whole  of  the  coal  extracted  going  outwards ;  or,  on  the 
pillar  and  stall  system,  working  oat  the  greater  proportion 
of  the  coal  homewards.  That  which  would  be  amply 
sufficient  for  one  colliery  might  not  be  one-sixth  of  what 
would  be  essential  to  the  proper  ventilation  of  another 
employing  the  same  number  of  hands.     So  that  whether  we, 
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take  200  or  400  cubic  feet  per  minute  per  person  employed 
for  ordinary  ventilation  we  ought,  even  to  meet  common 
occurrences,  to  have  an  available  surplus  power  of  at  least 
20  per  cent,  additional 

But  to  cope  Miith  emergencies  such  as  the  sudden  influxes 
of  gas  previously  mentioned,  ventilation  the  most  powerful 
is  not  a  certain  remedy. 

Perfecting  the  locking  of  the  lamp  is  highly  meritorious; 
but  there  are  circumstances  in  connection  with  coal  mining 
where  it  may  be  likened  unto  the  boy  locking  up  the  bird 
in  his  bedroom,  the  window  of  which  contained  a  broken 
square,  and  putting  the  key  in  his  pocket,  that  no  one  might 
make  the  mistake  of  liberating  his  prisoner,  until  he  returned 
from  school.  The  prison  was  imperfect;  the  bird  had  flown. 
Now,  we  want  the  squares  putting  in  order,  that  when  we 
have  locked  our  cage  the  bird  (a  bird  of  prey)  may  not 
escape  and  camivorously  glut  himself.  What  I  would 
suggest  is  the  exclusive  use  of  the  best  safety-lamp  wherever 
gas  is  known  to  exist  in  dangerous  quantity;  and,  let  me 
observe,  it  is  to  be  regretted  that  some  scientific  gentlemen 
have  expressed  themselves  in  such  a  manner  as  to  lead  the 
public  to  believe,  that  the  exclusive  use  of  the  safety-lamp 
meant  a  substitute  for  good  ventilation,  and  proper  attention 
to  meteorological  phenomena.  With  all  deference  to  meteor- 
ologists, and  admiration  of  the  invaluable  science  to  which 
so  much  attention  is  at  present  devoted,  and  to  which  we 
owe  so  much  for  the  knowledge  we  possess  of  the  physical 
changes  of  the  atmosphere,  so  much  so  as  to  enable  us  often 
to  anticipate  the  immediate  future  eflect  of  barometric  and 
thermometric  imdidations,  yet  I  am  inclined  to  believe  that 
atmospheric  changes  have  but  a  small  share  in  bringing 
about  most  of  those  direful  calamities;  and  that  the  strictest 
attention  to  the  construction  of  the  lamp  given  us  to  work 
with,  its  proper  trimming,  locking,  and  the  most  careful  use 


on  the  port  of  the  men  and  boys  into  whoae  haoda  H  ii 
entrusted,  is  of  far  greater  service  in  averting  an  explodos 
than  would  be  the  labours  of  an  expert  meteorologist  it 
every  colliery,  using  telegraphic  or  telephonic  commiinic«- 
tion  with  every  part  of  the  mine,  ready  to  give  warn- 
ing of  all  atmospheric  disturbances,  if  the  above-mentioned 
precautions  were  neglected. 

The  fouling  of  the  mine  from  an  atmospheric  state  indio- 
ated  by  a  depression  of  the  barometer,  is  generally  alow  and 
under  proper  attention  and  discipline  is  detected  by  tl» 
workmen  or  officials  in  charge,  by  the  state  of  thdr 
lamps,  thus  giving  time  to  withdraw  from  the  vitiated  part 
to  one  more  safe,  whilst  we  find  that  most  of  the  sonrces  of 
greatest  danger  namely,  sudden  infiuzes  of  gaa  are  almost 
entirely  independent  of  barometric  influence.  Thi 
point  I  wish  to  mention  before  leaving  this  part  of  di» 
subject  namely,  that  it  is  understood  to  be  advisa] 
event  of  a  depression  of  the  barometer  to  increase 
at  the  furnace  to  keep  ap  or  increase  the  ventilation,  in 
order  to  carry  away  harmlessly  the  increased  quantity  d 
gas  exuding  from  the  coal  and  shale,  owing  to  the  lessened 
pressure  on  the  pores  of  exit.  This  nndoubtedly  has  the 
desired  effect  of  keeping  up  the  ventilation,  but  it  has  oftoi 
been  found  in  practice,  that  a  greater  quantity  of  gas  is 
brought  from  the  groaves  into  the  return  airways  under  an 
increased  heat  in  the  npcast  ehaft.  Whether  arising  fnsn 
a  greater  rarefaction  of  the  column  causing  an  increased 
flow  of  foul  air  in  that  direction  or  the  insinuation  of  tin 
increased  ventilation  into  partially  Tentilat«d  goaves  is  a 
point  upon  which  the  writer  is  not  quite  clear  and  would  be 
glad  to  know  if  this  accords  with  the  experience  of  others 
present,  and,  as  it  might  in  some  cases  be  found  dangerons 
to  disturb  a  body  of  gas  from  the  goaves  during  working 
hours,  an  opinion  on  the  matter  by  some  one  more  able  ind 
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experienced  would  probably  lead  to  beneficial  results,  by 
throwing  light  on  the  subject. 

In  sinking,  when  approaching  a  fiery  seam  of  coal  it  is 
sometimes  necessary  to  use  a  covered  light,  owing  to  the 
presence  of  explosive  gas,  which,  existing  under  enormous 
pressure  from  the  super-incumbent  strata  has  acquired  a 
density,  and,  from  its  elasticity  in  the  gaseous  state,  a  power 
sufficient  to  break  through  many  feet  thick  of  solid  shale.  A 
description  of  the  chemical  properties  of  fire-damp  and 
whether  it  is  possible  for  its  constituents  to  exist  so  highly 
condensed,  under  the  enormous  pressure  to  which  it  is 
subjected,  as  to  be  in  a  liquified  or  even  solidified  state,  is  the 
province  of  the  chemist.  What  the  miner  knows  about  it 
is ;  that  it  is  a  dangerous  element  to  work  in  the  midst  of, 
and  he  often  wonders  from  what  source  such  a  quantity  can 
be  for  years  so  continuously  supplied ;  that  it  is  there  and 
must  be  dealt  with  if  the  coal  must  be  won,  he  also  knows, 
and  prepares  himself  with  the  best  known  means  of  dealing 
with  it.  The  means  resorted  to  in  the  first  place  are  covered 
lights,  known  as  safety-lamps,  by  which  he  is  enabled 
to  connect  the  shafts,  and  lay  out  the  mine  for  ventil- 
ation and  coal  winning.  If  the  kmp  with  which  this 
work  is  to  be  performed  was  imder  all  circumstances,  when 
in  good  order,  what  its  name  implies,  the  work  of  coal 
mining  with  all  its  other  attendant  dangers  would  be  one  in 
which  the  higher  class  of  skill  with  careful  attention  and 
strict  discipHne  would  be  sure  to  find  its  reward  in  the 
imfrequency  of  accidents.  But,  that  we  do  not  possess  a 
safety-lamp,  save  in  name,  and  that  it  never  was  considered 
so  by  the  inventors,  is  well  known.  Even  Sir  Humphrey 
Davy  on  introducing  his  lamp  to  the  eminent  mining 
engineer,  Mr.  Buddie,  placed  the  lamp  in  the  engine-house 
and  played  upon  it  with  a  jet  of  pit-gas  at  the  distance  of  8 
to  10  feet  until  he  ignited  it  at  the  flame  inside  the  lamp  or 
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Ae  lieat  in  itaaaeoit  to  the  mngle  diaphragm  at  theb^ti 
extnandy  noaafe,  as  it  then  faeeomes  daageroQal;  heated ; 
ao  that  it  is  ■mitijl  to  eren  partial  Kcniitj  that  a  good 
intonal  diaphragm  be  atran  irn«int«iTww<  fa  the  lamp  at 

It  may  be  nid  thoe  ia  a  gnat  diffenaioe  in  the  exi^onre 
pn^mliea  of  oltfant  gas  and  the  light  carborettad  h  jdrogcn 
of  the  minea.  Granted ;  bat  I  think  the  margin  not  gnabr 
dtan  necwwaty  to  givv  the  degree  of  afetj  leqnisite  to 
in^iire  the  thoag^tfal  miner  with  confidaicR.  I  may  «J 
that  my  rdianc*  in  the  wide-gaosed  Stc^duaum  vertu 
nanow-gaiued  Davy  as  against  a  strong  intennittoit  blowsr 
of  gas,  woold  be  gnatly  lessened  i^  with  a  jrt  of  comnai 
gas  under  the  oidinaiy  winter  pnasnre  of  abont  2in.  water 

•  Sn  expooMMto  at  Onaotk  ud  Rag^  CtiOiariaK.    CWKay  OMrtfa. 


509 

gauge,  an  experimenter  could  pass  the  flame  in  one-fourth 
the  time  which  would  suffice  for  it  to  be  passed  through 
a  narrow-gauzed  Dayy  lamp;  and,  moreover,  although 
happily  not  the  actual  experimenter,  I  have  conclusive 
evidence  of  the  flame  of  light  carburetted  hydrogen  having  been 
passed  through  a  Davy  in  good  condition,  in  the  mine,  in  a 
very  short  time,  confirming  the  opinion  that  the  margin  is 
not  excessive  for  even  comparative  safety. 

Without  desire  to  shirk  the  share  of  responsibility  which 
attaches  to  the  position  of  manager  of  mines,  it  is  only 
reasonable  to  expect  that  a  certain  amount  ought  to  rest  on 
the  scientific  world,  and  on  the  public,  until  they  find  us  a 
safer  lamp  to  light  our  dangerous  occupation  underground. 
We  look  to  the  public  nationally  for  the  means,  and  to  our 
scientific  gentlemen  for  the  attention  and  skill  necessary  to 
master  the  problem. 

True  outbursts,  which  are  the  most  unavoidable,  are  those 
arising  from  gas  pent  up  under  great  pressure,  suddenly 
bursting  its  bonds,  consisting  of  the  hitherto  solid  strata ; 
the  usual  premonitory  symptoms  of  which  are,  the  crackling 
movement,  the  breaking  of  timber,  the  puffing  up  or  settling 
down  of  floor  or  roof — symptoms  usually  followed  by  a 
noiseless  yet  often  enormous  exudation  of  gas,  which  should 
always  be  looked  for  during  the  movement,  and  particularly 
after  the  crackling  has  ceased,  and  the  prison  walls  are 
shattered  and  breached.  Cases  have  come  under  my  expe- 
rience in  which  the  place  of  outburst  had  seemed  to  become 
quite  settled  before  the  gas  began  to  issue,  whilst  such  was 
the  quantity  afterwards  given  off,  in  the  short  space  of  a  few 
minutes,  that  it  filled  roads  of  many  hundred  yards  in  length, 
to  the  explosive  point,  and  continued  the  supply  for  nearly 
an  hour,  under  a  brisk  ventilation.  The  area  of  the  above- 
mentioned  roads  was  nowhere  less  than  16  square  feet,  and 
the  velocity  dangerous  even  to  the  best  safety  lamp,  unless 


ill  property  wis  iMmtJiatf-*elfi«xiinffiiiahmg,  a  qnauty  is 
tbe  Ismp  wMoli  I  feel  persuaded  is  one  of  the  best  meoiiB  of 
avoiding  explwioDS  ia  Each  c»ses. 

It  may  be  hers  retoarked  that  in  cases  such  as  the  aboT^ 
until  we  have  a  sabstitat«  for  Same-producing  substances  is 
tlie  [»x>oess  of  breaking  down  tlie  hard  and  thick  seem 
of  coal,  we  may  place  blasting  in  the  same  category  as 
the  ose  of  naked  lights  except  that  we  do  not  generallr 
risk  as  much  with  candles  as  shot-firing. 

This  brings  me  now  to  what  is  probably  the  most  intereat^ 
ing  point  for  discassioo.  and  one  on  which  no  doubt  ooik 
flicting  opimons  will  be  found  to  exist,  but  it  is  one  oft ' 
which  X  can  give  my  opinion  with  more  confidence,  as  it  ii 
a  difficulty  with  which  I  have  had  nmch  experience. 

How  iw  sudden  issues  of  gas  amy  be  prevented  by  tht 
mode  of  laying  out  and  working  of  a  colliery  is  an  impori- 
ant  considaistioQ,  whether  worked  by  open  or  covered  lights; 
as  tfa«  powarfol  ventilation  of  the  present  day  is  eufiicienttv ' 
distribute  the  gas  through  the  raiuificatioas  of  an  extensive 
colliery  so  speedily,  as  to  give  little  warning,  and  conse- 
quently little  time  to  prepare  for  such  emergency,  hj 
withdrawing  the  moi  from  the  districts  affected. 

As  the  circamstances  connected  with  coal  mining  ue 
varied,  some  very  fiery  and  thin  seams  (not  more  than  tvo 
to  three  feet  thick,)  being  worked  at  great  depths,  with 
plenty  of  packing  material ;  others  from  three  to  (dx  fert 
thick :  some  with  sufficient  packing,  others  almost  none,  or 
diBadrsntagooQsIy  situated  in  that  respect ;  it  would,  aa 
doubt,  lead  to  the  beat  results  if  the  varied  experiencee  were 
brought  before  the  Society  in  a  series  of  papers  on  tits 
sabject,  and  with  that  view  I  chiefly  confine  myself  to 
oonditi(ms  of  which  I  have  had  personal  experience,  vie.  . — A 
deep  fiery  mine,  comparatively  free  from  water,  so  &r  as  rela- 
taa  to  tha  00*1  aeam  itself,  the  seam  from  two  to  four  feet  thick, 
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with  a  gradient  up  to  9  or  10  degrees,  or  from  a  slight  dip 
to  about  1  in  6;  a  tender  roof  or  floor,  and  furnishing 
packing  material  necessary  for  a  6  to  9  feet  width  of  pack- 
wall  on  each  side  of  drawing  and  air-roads. 

A  seam  of  coal  so  situated,  if  worked  on  the  long-wall 
principle,  and  from  rise  to  dip  as  soon  and  as  much  dip- 
wards  as  practicable,  will  be  foimd  to  effect  a  gradual 
drainage  of  the  gas ;  thus,  to  a  great  extent,  obviating  the 
extreme  danger  attendant  upon  hastily  cutting  out  fiery 
seams,  and  laying  bare  in  a  short  space  of  time  thousands  of 
pores  or  fissures,  which  are  constantly  surcharging  the  long- 
coursed  and  often  vitiated  ventilation  to  a  dangerous  degree. 

Where  it  is  practicable  to  adopt  long- wall,  it  will  be  found 
(contrary  to  the  opinions  of  many)  that  the  liability  to 
danger  from  sudden  falls  of  roof  forcing  gas  from  extensive 
reservoirs  left  behind  is  almost  nil  compared  with  that  of 
working  homewards.  For,  in  the  first  place,  working  dip- 
wards  and  outwards  allows  the  gas  (should  any  be  given  off 
from  the  roof  or  floor  after  the  coal  has  been  wholly 
extracted)  to  escape  through  the  broken  and  subsiding  shale, 
not  only  draining  the  roof  and  floor,  but,  in  its  gradual 
subsidence,  lessening  and  ultimately  destroying  such  a  thing 
as  goaf-cavity. 

True  there  may  exist  a  short  space  near  the  end  of  the 
walls,  but  gas  is  seldom  found  lodging  there,  as  the  ventila- 
tion sweeps  the  ends  of  the  pack-walls  and  goaf-space  quite 
as  thoroughly  as  the  face  of  work ;  and  moreover,  should  any 
imeasiness  in  the  goaf  manifest  itself,  you  are  at  once  made 
aware  of  it  by  its  affecting  the  drawing^roads,  and  you  are 
able  to  communicate  in  a  minute  or  two  with  every  person 
along  the  whole  face  of  the  workings,  each  one  being  able 
in  a  few  seconds  to  retire  into  the  drawing-roads,  which  are 
in  such  cases  places  of  refuge,  or  safe  points  of  observation, 
from  which  all  can  safely  retreat  towards  the  shaft,  or  wait 
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I  chI  Ab  Ab  hf  ■>»B  ^wf  k,  firau  i 
tbc  «%^  it  ^  cml  ima  fena  extnrted,  and  wbere  do  solid 
«Jgggc;«-y^Jti»!fwl  cleft  ■aseaulated,  antil  the  whole 
£stna  is  «Luufhk  <m<.  It  b  ■&»  leii  pmlwfafe  that  aaia 
de  coeftHK  Mialieiiil  thai  Hoet  dan^citius  practice  of 
Uvtia^  omI  IB  &erT  aei^  i>^sht  be  geseraUr,  if  itot 
vboQr.  &p^Bed  vid. 

In  CIiKCntiv  ai  the  >rinrs  henia  expreaeed  of  workiiig 
loo^vall  dipvat^  I  bare  pvpaicd  a  sketch  or  plan  which 
win  ao  dmbt  dear  «p  bt  ■■»*■« my  better  than  a  maltitiide 
«rf  w^jids.  I  Bar  j«st  ear  that  Xo.  1  wooU  gire  at  the  sune 
ttme  both  rw  and  dip  coal,  wooU  famish  coal  for  each  nde 
of  shaft  which  is  t^ten  deaiable,  and  would  separate  districts 
in  sach  a  manner  as  to  Ii«  entirdj  on  Of^iasite  sides  of 
tbe  shafta.  The  districts  woold  all  be  worked  on  the  lix 
drainage  srstem,  except  ^he  extrane  rise  of  districts  Xo.  1. 
and  be  TOitilated  on  tbe  ascending  princi[de,  and  hoot  tbe 
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direct  manner  of  coursing  the  air  (common  to  long- wall) 
along  the  working  face  to  the  rise  returning  along  the  top 
of  the  goaf  to  the  direct  main  return,  would,  with  Tery^  few 
exceptions,  avoid  double  coursing  and  consequently  that 
impediment  to  good  ventilation  an  universal  drag  on  the 
current.  It  would  also  furnish  the  greatest  amount  of  coal 
in  the  most  marketable  condition  and  in  the  least  space  of 
time  of  any  system  of  working  coal  with  which  the  writer 
is  acquainted.  The  other  districts  would  follow  in  the  order 
of  their  numbers,  giving  the  same  advantages  in  all  respects. 
There  are  occasional  difficulties  which  turn  up  unexpectedly 
to  interfere  with  a  prearranged  plan.  Yet  if  we  lay  down 
on  fast  lines  a  principle  and  the  practical  part  is  carried  out 
in  such  a  manner  as  to  leave  a  striking  resemblance  of  its 
parent,  that  is  as  much  as  can  be  reasonably  expected  from 
the  varied  changes  incidental  to  coal  mining. 

Having  said  this  much  on  the  means  of  avoidance  I  am 
afraid  that  for  the  amount  of  new  matter  contained,  your 
patience  as  well  as  time  will  be  "  giving  out,"  so  will  briefly 
ofifer  a  few  suggestions  as  to  mitigation  of  their  severity, 
when  we  are  unfortunately  overtaken  by  such  calamities, 
suggestions  which  if  not  properly  matured,  nor  in  every 
respect  practicable,  may  perhaps  elicit  discussion  and  lead 
to  a  beneficial  train  of  thought  in  that  direction  which 
is  the  writer's  aim  and  will  amply  reward  him. 

Though  the  improved  standard  of  education  is  beginning 
to  be  perceptible  in  the  working  miner,  the  attentive  official, 
the  skilful  mine  manager,  and  the  accomplished  mining 
engineer,  it  is  to  be  feared  we  scarcely  keep  pace  in  our 
underground  arrangements  with  the  modem  appliances 
appertaining  to  coal  mining,  which  are  bringing  within 
reach,  deep  fiery  mines  at  one  time  thought  inaccessible, 
opening  up  mines  at  one  time  thought  to  be  unworkable 
from  their  fiery  character,  raising  a  quantity  of  coal  from 


one  pair  of  shafts  that  necessitates  tho  employment  of 
hundreds  in  place  of  scorea,  yet  we  somehow  lack  the  pains- 
taking attention  to  nnderground  appliances  necessary  for 
oases  of  emergency,  probably  from  over-sonsitiveness,  or,  it 
may  be,  self-confidence,  begetting  a  feeling  that  we  shall 
continue  to  poasesa  the  immunity  from  such  troubles  as  hu 
been  our  good  fortune  hitherto.  That  the  commercial 
nature  of  coal  mining  is  a  very  risky  one  must  be  allowed ; 
but,  that  parsimoniouBneaa  interferes  with  the  necessary  pre- 
cautionary provisions  cannot  for  a  moment  be  entertained, 
as  the  substantial,  magnificent — ^yea,  ornamental — and  costly 
character  of  the  mechanical  appliances  above-ground  prove. 

The  question  then  arises,  can  anything  more  be  done  to 
mitigate  the  severity  of  the  almoat  unavoidable  accidents  by 
which  the  most  careful  are  too  frequently  overtaken,  by 
improving,  as  far  as  possible,  underground  appliances  for  its 
attainment  P 

In  seconding  the  efibrta  of  our  legislators  throngh  their 
servants,  the  mine  inspectors,  from  whom  is  demanded  at 
times  almost  superhuman  skill  and  self-fiacriHcing  exertions 
is  the  noble  effort  to  save  human  life,  the  cost  will  un- 
doubtedly be  found  a  recuperative  investment,  by  not  only 
protecting  the  lives  of  the  workmen,  but  also  the  pro- 
perty of  the  proprietors.  Self-preaervation  is  a  powerfal 
instinct  in  man  as  well  as  the  lower  order  of  ammala,  and  it 
is  perplexing  to  account  for  its  seeming  absence  in  the 
singular  cases  of  death  before  alluded  to ;  but  whether  from 
stupor,  fright,  hopeless  resignation  until  overcome  fnnn 
want  of  the  necessary  air  to  support  life,  or  an  unnatural 
condition  of  the  density  of  the  atmosphere  of  Ae  mine  at 
t^e  moment  of  explosion,  that  they  do  occur  is  undeniaUei 
and  in  such  a  manner  as  to  slay,  as  it  were  unconBcionaly, 
persons  working  at  a  great  distance  from  the  flame  or  blasL 
I  think  it  possible  to  separate  districts  in  such  a  manner 
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that,  from  their  position  (occupying  opposite  sides  of  the 
shafts,  the  most  natural  throat  in  case  of  rarefaction,  or 
vent  in  case  of  compression),  an  explosion  happening  in 
one  district  may  not  so  d^structiyely  afifect  the  other.  To 
accomplish  that  object  it  is  indispensable  that  all  cross- 
ings separating  districts  or  main  currents  should  be  so 
constructed  as  to  withstand  the  effects  of  the  most  severe 
explosion,  which  may  be  done  by  adopting  the  wrought- 
iron  tubular  crossing  made  of  plates,  the  thickness  of 
which  may  be  proportionate  to  their  diameter ;  in  cases 
from  4  to  6  feet  diameter,  5/16  to  3/8  inch  would  be  amply 
sufficient,  if  well  bolted  together.  The  cost  would  be  about 
Is.  6d.  per  superficial  square  foot,  and  the  duration  of  such 
crossings  may  be  said  to  be,  with  slight  repairs,  the  duration 
of  the  colliery,  whilst  the  labour  of  making  the  cross-over 
and  fixing  the  tubes  need  not  be  more  than  that  of  ordinary 
crossings.  Other  crossings  ;of  flat  plates  of  iron,  firmly 
bolted  to  stout  wooden  frames,  forming  either  top  or  bottom 
of  the  roadways,  will  be  found  very  durable  and  strong. 
Of  course  both  kinds  of  crossing  should  be  provided  with 
man-holes  fitted  with  sliding-doors  to  allow  of  passing 
through,  when  inspecting  the  air-ways. 

As  to  air-doors,  it  is  generally  found  that  the  present 
form  of  wooden  ones  succumb  to  a  severe  explosion,  and 
instead  of  the  ventilation  partially  recommencing,  the  air 
takes  the  shortest  route,  and  if  the  winding  apparatus  be 
disarranged,  the  most  valuable  time — ^the  first  half-hour 
subsequent  to  an  explosion — ^is  lost,  and  the  parties  who 
very  properly  make  towards  the  down-cast  by  the  intake 
(which  ought  always  to  be  the  first  point  aimed  at)  are 
often  struck  down  when  they  have  advanced  a  considerable 
distance  in  the  most  likely  direction  of  succour. 

This  it  would  seem  might  be  obviated  by  supplementing 
each  air-door  by  a  specially-made  air-sheet,  strong  enough  to 


hold  ite  oint  under  the  most  severe  humcBiLe  o 
blast  experienced  in  the  mine.  The  chief  reqaiaitea  in  each 
a  sheet  are  strength  and  flexibility  sofficient  to  allow  of  iu 
adapting  itself  to  the  inequalities,  if  any,  caused  by  debrii 
from  a  strong  bUst.  Non -inflammability  should  also  be  a 
weighty  consideration.  These  qualities  might  no  doubt  be 
obtained  by  making  a  very  strong  cloth,  and  doubling  it 
round  a  stout  iron  bar  secured  to  the  strong  cross-cap  of 
the  sheet  frame  with  eye  bolts  or  strong  bolt  staples,  and 
strongly  stitched  or  rivetted  immediately  below  the  hanging 
bar.  A  flexible  and  strong  sheet  might  also  be  made  in  i 
tassolled  form  of  strong  half-inch  cord ;  and  as  closeness  is 
not  essential,  if  at  all  desirable,  in  such  an  emergency,  this 
would  no  doubt  aerre  the  desired  purpose.  Strongest  and 
best  of  all  would  be  a  light  chain  sheet,  filled  in  the  intei^ 
stices  with  some  non-inflammable  fibrous  substance,  to  render 
it  partially  air-proof.  Sheets  of  this  description  ooming  ■ 
into  action  immediately  after  the  doors  were  destroyed  would^ 
in  many  cases  sare  the  mine  and  valuable  lives  from  destruc- 
tion, by  enabling  a  timely  restoration  of  the  ventilation, 
(especially  in  the  dip  workings  and  main  roads  leading  from 
the  downcast,  and  in  many  cases  the  whole  of  the  work- 
ings, where  an  hour  lost  in  organising  exploring  parties  or 
repairing  winding  apparatus  might  sacrifice  many  lives), 
rendering  it  possible  that  the  services  of  courageous  oflScials 
who  happen  to  be  spared  may  be  immediately  available  in 
extingoishing  any  small  fires  that  might  be  discovered,  thiu 
nipping  in  the  bud  the  germs  of  destructiveness. 

Sheets  might  also  be  made  of  thin  steel  plates,  overlapping 
as  in  a  coat  of  mail,  secured  to  light  flat  tapering  hanging 
chains.  The  kind  of  article  need  only  to  be  pointed  oat, 
and  we  generally  find  our  manufacturers  of  specialitiee  fully 
able  to  meet  our  requirements  at  very  reasonable  prices, 
provided   the  demand  is   worth   their  attention.      I   now 
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come  to  wliat  may  be  considered  the  atop-mhe  for  the  tem- 
porary separation  of  districts.  The  suggestion  I  think  one 
deserving  of  serious  discussion,  as  to  whether  it  could  in  any 
way  be  made  to  merit  the  appellation  of  safety-valve.  What 
is  proposed  is,  that  each  district  shall  have  its  yarious  return 
air-ways  contracted  into  one  of  due  proportion,  previous  to 
joining  with  the  other  district  or  districts  in  the  vicinity  of 
the  dumb  drift.  In  the  single  road  a  very  strong  valve 
should  be  placed,  and  fitted  in  such  a  manner  as  to  come  into 
play  for  the  moment,  and  efiectually  resist  the  force  of  a 
blast,  and,  in  a  great  measure,  the  flame  from  all  the  other 
districts. 

The  blast  being  over,  the  door  or  valve  should  re-occupy 
its  original  position,  allowing  of  its  own  district  to  again 
breathe  freely. 

Oould  this  be  successfully  accomplished,  there  is  very 
little  doubt  a  great  step  would  have  been  made  towards 
mitigating  danger. 

The  accompanying  sketch  will  no  doubt  be  imderstood 
by  most  acquainted  with  mining,  and  discussion  on  its 
merits  or  demerits,  even  if  it  end  in  rejecting  the  arrange- 
ment as  impracticable,  will,  I  trust,  not  be  wholly  xmfruitful 
in  directing  attention  to  the  matter. 

In  anticipation  of  the  forcible  questions  which  may  be 
prominent  in  the  minds  of  many  who  have  had  experience  in 
such  cases,  of  what  use  would  be  all  these  safety  appliances 
in  face  of  a  mine  charged  with  after-damp,  heated  to  such  a 
degree  as  almost  to  defy  restoration,  especially  in  rise  work- 
ings, and  which  is  often  more  than  sufficient  to  neutralize 
the  latent  heat  of  powerful  furnace  flues  and  heated  up-cast, 
my  answer  is  this :  If  we  have  a  furnace,  and  it  cannot  at 
the  time  be  safely  used  in  consequence  of  its  imperfect 
isolation,  or  other  cause,  diflerent  means  must  be  resorted  to, 
to  assist  in  again  setting  in  motion  the  stagnant  ventilation. 


In  posamg,  I  may  here  remark  that  I  fail  to  see  the  l«ut 
advoDtagc  in  any  delay;  long  continuance  in  a  heat«d 
state  would  bring  down  the  roof  and  block  up  the  roadg, 
whilst  with  self-adjusting  arrangementa  the  ventilation  ■ 
would  most  likely  be  as  easily  restored  in  a  heated  as  i  ■ 
cool  state ;  in  fact,  dip-workings  would  be  almost  eelf- 
restorative,  if  great  heat  was  produced  in  them,  giving  to 
up-cast  shafts  on  the  extreme  rise  a  great  advantage  over 
other  aituatiouB. 

One  of  the  oldest  if  not  the  best  method  for  restoring  tlie 
ventilation,  in  the  absence  of  ventilating  machinery,  widi 
which  the  writer  is  acquainted,  is  the  pouring  down  a  stream 
of  water  from  the  pumps,  the  immediate  effect  of  which  is 
well  known  to  be  a  rush  of  wind  at  the  bottom  of  the  shaft, 
in  many  cases  obtaining  a  pressure  on  the  water-gauge  of 
nearly  one  inch,  which  would  seem  sufficient  in  many  case*  ■ 
to  restore  ventilation,  providing  the  air-ways  and  their  fl 
adjuncts  were  in  proper  order.  ^ 

Where  pit  pumps  are  not  required,  very  few  engine- 
houses  are  without  a  pump  of  some  description,  which  might 
be  easily  made  available  for  supplying  a  cistern  fixed  in  an 
elevated  position  by  the  side  of  the  engine-house,  and  kept 
constantly  full,  in  readiness  for  extinguishing  any  amaU 
fires  which  might  break  out  about  the  surface  buildings. 

A  cistern  containing  3,000  gallons,  or  about  500  cnbic 
feet  capacity,  would  furnish  water  at  the  rate  of  50  gallons 
per  minute  for  an  hour,  or  100  per  minute  for  half  that 
time.  This  might  be  supplemented  by  the  boilw  pomp,  t» 
as  to  keep  up  the  supply  some  time  longer.  Or,  in  the 
event  of  failure  of  water  supply,  a  very  effective  subatitiite 
might  often  be  found  in  the  shape  of  5  or  10  tons  of  abck, 
a  not  very  valuable  commodity  to  the  producer  just  now, 
and  should  it  become  so,  the  cost  of  raising  it  to  the  surface 
again  would  not  be  found  unbearable. 
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Where  a  powerful  fan  is  used,  provided  it  escaped  the 
effects  of  an  explosion,  if  the  water  guage  could  readily 
be  increased,  the  ventilation  ought  not  to  remain  many 
minutes  stagnant,  and  a  flow  of  fresh  air  should  soon  be 
circulating,  if  not  to  the  coal  faces,  at  least  a  long  distance 
on  the  main  roads,  restoring  the  sufferers  from  choke-damp, 
whose  proportion  is  often  large. 

Since  it  is  more  than  probable  that  the  fan,  or  other 
machinery,  with  all  its  present  drawbacks,  will  at  no  distant 
date  supersede  the  furnace,  except  in  very  deep  mines, 
immediate  restoration  of  the  ventilation  to  its  usual  course 
should  be  the  first  step  taken,  and  a  reversal  checked  at 
once,  so  that  those  who  are  spared,  and  have  the  presence  of 
mind  in  such  cases  to  make  for  the  fresh  or  in-take  air  (a 
point  which  ought  always  be  understood  by  both  officials 
and  workmen),  may  not  only  have  a  chance  of  saving  them- 
selves, but  also  of  lending  assistance  to  their  more  imfor- 
tunate  comrades. 

In  conclusion,  allow  me  to  remark  that  in  making  these 
suggestions  I  do  not  ignore  the  sensitiveness  to  danger 
engendered  in  the  mind  of  the  miner  by  the  adoption  of 
such  appliances.  Still  we  anticipate  over-winding,  the 
breakage  of  ropes,  and  other  serious  accidents,  which  shortly 
begin  to  be  appreciated;  and,  confronted  as  we  are  by  the 
frequency  of  explosions,  even  in  model  collieries,  it  behoves 
us  to  take  every  means  possible  to  avert  or  to  alleviate  them. 


In  answer  to  Mr.  Greenwell  and  other  gentlemen,  Mr. 
Wild  gave  some  further  explanation  with  regard  to  his 
proposed  stop  valve.  He  could  not,  however,  state  the 
actual  pressure  in  lbs.  per  square  inch  of  the  force  of  an 
explosion ;  except  that,  in  cases  with  which  he  was  acquainted 
the  blasts  had  been  very  strong — ^breaking  doors,  but  not 
doing  a  great  deal  of  damage  otherwise. 


Mr.  Orijjshaw  said  he  had  seen,  after  an  exploaion,  that 
the  sleepers  had  remained  perfect  whilst  the  iron  rails  which 
overlaid  them  had  been  twist«d  lite  the  wire  ronitd  the  cork 
of  a  soda-water  bottle. 

Kr.  John  Hioson  said  the  explosive  power  of  a  miztan 
of  light  carboretted  hydrogen  and  atmoapheric  air  was  enor- 
mous, and  he  did  not  believe  Mr.  Wild's  proposed  stop  Talve 
would  be  of  the  slightest  use. 

Mr.  Wild  said  ho  thought,  taking  all  things  into  oons- 
deration,  that  it  would  be  quite  possible  to  make  the  doon 
strong  enough  to  resist  any  blast. 

Mr.  Grimshaw  said  Mr.  Wild  had  referred  to  a.  plan 
adopted  by  Mr.  Buddie.  In  reading  some  old  reports,  ha 
(Mr-  Grimahaw)  found  .that  at  Wallsend,  Mr.  Buddie  pat 
up  safety  doors  in  a  recess  in  the  roof,  which  wore  to  drop 
down  in  case  of  an  explosion,  but  there  was  no  evidence  that 
these  proved  of  ose  at  any  time.  They  were  blown  away  iB  J 
the  last  explosion  at  Wallsend — he  believed  in  1835.  " 

Mr.  Wild  said  the  door  he  proposed  would  be  bracketed 
behind,  and  made  strong  enough  to  resist  a  pressure  of  100 
lbs.  to  the  square  inch. 

Mr.  Greenwell  said  the  main  question  was — "Could 
any  such  appliance  as  Mr.  Wild  had  described  be  constructed 
with  sufficient  power  to  produce  the  effect  which  he  anticips- 
ted?  At  present  they  were  without  the  basis  for  calculation. 
Leaving  that  question  alone,  therefore,  for  the  present,  there 
was  another  arising  out  of  what  Mr.  Wild  said,  namely,  ss 
to  increased  ventilation  under  certain  conditions  of  the 
atmosphere,  when  a  greater  quantity  of  gas  nLight  be 
expected  to  be  given  off,  having  the  effect  of  bringing  mora 
gas  ont  of  the  goaves.  Would  not  the  effect  necessarily  be 
if  additional  pressure  were  put  upon  the  goaves,  which 
Mr.  Wild  spoke  of,  to  force  the  gas  into  the  return  sir 
course,  and  so  pass  it  away  without  exposing  it  to  hinf» 
or  candles  ? 
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Mr.  Wild  :  Yes,  that  would  be  so. 

Mr.  Qreenwell  asked  if  Mr.  Wild  wished  it  to  be 
inferred  from  his  argument  that  the  forcing  an  increased 
quantity  of  air  into  a  mine  where  there  was  an  increase  in 
the  quantity  of  gas  would  be  rather  prejudicial  than  other- 
wiseP 

Mr.  Wild  said  in  some  cases,  if  a  party  were  working  in 
the  return  air  way,  and  the  fumaceman  without  previous 
instructions  looked  to  the  barometer  and  saw  a  depression 
isetting  in,  then  if  he  began  to  fire  harder 

Mr.  Greenwell  (interposing) :  But  assuming  that  you 
are  working  a  fiery  mine,  in  which  you  are  not  taking  the 
return  air  over  the  furnace  P 

Mr.  Wild  :  If  any  of  the  lamps  were  unsafe,  an  explosion 
might  occur. 

Mr.  Bryhah  asked  if  Mr.  Wild  had  ever  known  an 
instance  where  increased  pressure  of  air  in  goaves  had 
brought  off  gas  in  sufficient  quantity  to  make  an  explosive 
mixture. 

Mr.  Wild  :  Yes,  many  times. 

The  President  :  That  is,  increased  furnace  power. 

Mr.  Bryham  :  Whether  from  increased  furnace  power  or 
mechanical  ventilation,  the  effect  would  be  the  same.  I 
never  in  all  my  experience  saw  gas  brought  off  in  such 
quantity,  by  increased  ventilation,  as  to  make  the  returns 
unsafe,  if  they  were  not  unsafe  before. 

The  President  said  that  Mr.  Wild,  in  speaking  of  the 
ventilating  power,  distinctly  named  the  furnace;  but  of 
course  the  fan  would  have  the  same  effect.  Mr.  Wild  did 
not  say  that  the  increased  ventilation  did  it,  but  the  in- 
creased suction  caused  by  the  increase  of  power. 

Mr.  Brtham  :  We  will  suppose  that  10,000  feet  of  air  is 
going  into  a  certain  district,  where  gas  from  the  goaf  is  not 
passing  off  in  the  return  in  such  quantities  as  to  explode  in 
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12,000  feet,  would  that  bring  out  the  gaa  in  a  aufficient 
quantity  to  bo  explosive  ? 

Mr.  Wild  :  That  is  my  experience. 
Mr.  Bbyham  :  I  never  had  such  oxperienoe  ;  and  I  think 
it  would  bo  dangerous  to  let  it  go  forth  that   you  should 
work  with  a  less  quantity  of  air  beoanse  the  barometer  i» 
falling. 

In  answer  to  a  further  question,  Mr.  Wild  said  what  he 
wished  was  that  everyone  should  be  on  their  guard  not  to 
allow  men  to  be  either  firing  shots  or  using  naked  ligbU, 
under  the  conditions  he  had  described,  even  in  places  which 
before  might  have  been  considered  perfectly  safe. 

Mr.  Bbyh\m:  But  where  there  are  no  naked  lights  ia 
the  pit,  your  principle  I  understand  is  this :  that  it  would 
be  safer  to  keep  down  the  ventilation,  in  the  event  of  a 
falling  barometer  and  a  goaf  filled  with  gas,  than  to' 
increase  it  P  ^ 

Mr.  Wild  :  Unless  incroaaed  care  goes  along  with  it. 
Mr,  Greknwell  :  I  gather  from  the  way  you  have  put 
it  that  it  comes  to  this — at  the  time  you  send  word  to  your 
f  umaceman  if  you  could  at  the  same  time  communicate  witlt 
the  men  in  the  return  air  ways,  and  get  them  to  oome 
out,  then  you  would  reduce  to  a  minimum  the  chances  of 
accident;  therefore,  in  that  case,  would  you  improve  die 
general  safety  of  the  mine  by  increasing  the  quantity  of  air, 
or  would  you  diminish  it  ? 

Mr.  Wild  :  It  would  increase  the  safety. 
Mr.  Grbenwell  :  Then  we  are  agreed  that  it  is  desirable^ 
with  proper   precautions,  to  increase  the  quantity  of  atr 
under  such  circumstances. 

Mr.  Wild  :  That  is  so,  exercising  care  along  with  it. 
Mr.   Qebenwell  :    We  must  not  let  the  idea  go  forth 
that  it  is  necessary  to  diminish  the  quantity  of  air  in  a  mine 
to  ensore  safety. 
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Mr.  Martin  :  As  I  understand,  what  Mr.  Wild  objects 
to  is  a  sudden  increase  of  the  ventilation  without  due  pre- 
caution for  the  safety  of  those  working  in  the  parts  that  it 
may  affect. 

Mr.  Wild  :  Yes ;  that  is  it. 

Mr.  HiGSON  :  That  was  not  his  contention.  His  contention 
was  that,  in  passing  increased  Tolumes  of  air  oyer  a  goaf 
you  caused  a  greater  exudation  of  gas  from  it,  and  so  filled 
the  main  air  ways. 

Mr.  Martin  :  I  only  understood  by  doing  it  suddenly ; 
because  he  particularly  mentioned  that  if  the  fumaceman, 
noticing  the  barometer  falling,  suddenly  commenced  increas- 
ing the  Tentilating  power,  he  would  thereby  cause  the 
danger. 

Mr.  HiGSON :  But  you  do  not  mean  for  a  moment  to  admit 
that  goayes  are  or  ought  to  be  in  such  a  condition  that  the 
mere  rise  or  fall  of  the  barometer  should  make  the  mine 
dangerous  P  I  have  never  known  a  mine  like  that.  My 
experience  is  that  the  gas  precedes  the  indication  of  the 
barometer — that  you  can  detect  gas  in  the  lamp  before  the 
barometer  will  show  it. 

Mr.  Wild  :  If  that  be  so,  I  contend  again  that  the  danger 
is  increased.  If  the  gas  precedes  the  depression,  that  gas  is 
lurking  somewhere  where  it  ought  not  to  be,  and  to  begin 
to  force  it  out  quickly  through  the  return  air- ways  must  be 
dangerous. 

Mr.  HiGSON  :  If  air  roads  sweeping  the  edges  of  goaves 
are  clear  from  gas  with  a  given  volume  of  air  current,  and 
if  an  increased  ventilating  pressure  fouls  such  air  passages, 
then  it  appears  to  me  that  the  sectional  area  of  such  air 
passages  must  be  too  small  for  the  requirements  of  the  case, 
and  what  really  takes  place  under  such  circumstances  is, 
that  the  water-guage  is  increased  greatly  with  very  little 
increment  of  air  current.     Consequently,  if  the  goaves  are 
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diBTged  with  gas  there  is  a  greater  exlurastiiig  pover  ti 
work  to  Buck  it  out  witli  little  or  no  increase  of  air  current 
to  dilute  it.  But  if  the  air  passages  were  of  sufficient  aret 
to  properly  ventilate  the  mine,  such  a  case  as  Mr.  WiM 
suggests  could  not  exist.  The  basis  upon  which  he  foimdi 
his  argument  is  a  palpable  mini  a  g  error. 

Mr.  Bryham  ;  The  question  is  whether  by  such  means  m 
increasing  the  power  of  the  furnace  you  could  possibly  brinj 
out  of  the  goaf  such  on  increased  quantity  of  gas  as  would 
make  the  return  foul.  T  never  saw  it  yet.  I  have  watched 
goavea  that  have  been  full  of  gas  and  have  watched  dw 
effects  of  increased  and  diminished  ventilation,  but  I  neva 
yet  saw  that  an  increased  quantity  of  air  had  the  efiett  of 
endangering  the  mine.  I  should  not  tike  to  tell  my  under- 
lookers,  or  fireemen,  that  they  must  slacken  the  current 
of  air,  in  order  to  avoid  danger.  It  would  be  a  xerj 
dangerous  principle  to  adopt. 

Mr.  Wild  :  I  do  not  mean  that  at  all. 

Mr.  Bhtham  :  But  you  aay  that  the  effect  of  increasing 
the  ventilation  under  certain  oonditioas  would  be  to  increase 
the  danger,  which  is'much  the  same  thing. 

Mr.  Wild  :  K  a  depression,  in  any  shape  or  form,  de- 
creases the  ventilation,  what  is  the  effect  ?  The  depreBai<Hk 
of  the  barometer  is  an  indication  that  more  gas  may  be 
expected,  and  if  more  gas  is  expected,  and  you  begin  to  fire 
harder,  so  that  that  gas  may  be  cleared  away,  what  an  we 
to  do  with  it  f    Where  does  it  go  to  P 

Mr.  Brthau  :  It  passes  off,  and  the  increased  quantity  oi 
air  renders  it  less  dangerous. 

Mr.  Greenwell  said :  There  is  one  more  question.  Si^ 
posing,  for  the  sake  of  argument,  that  yon  had  not  diaifa 
your  men  oat  of  the  air-ways — that  it  was  necessary  to  keep 
them  there  after  you  had  given  the  order  to  fire  ap  the 
furnace— if  those  men  were  working  with  Stephenson'i 
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lamps,  would  the  gas  in  any  reasonable  probability  explode 
at  those  lamps  P 

Mr.  Wild  :  I  do  not  think  it  would.  I  think  the  lamps 
would  go  out.  . 

Mr.  EbcsoXy  in  the  course  of  further  discussion,  said  his 
experience  was  against  Mr.  Wild's  theory  of  strong  air 
crossings.  If  the  crossings  could  be  made  as  strong  as  Mr. 
Wild  suggested, — of  which  there  was  a  doubt, — it  suggested 
the  probability  of  transmitting  the  explosive  atmosphere 
from  one  panel,  or  district,  to  another,  and  thus  intensifying 
the  mischief.  An  illustration  of  this  occurred  some  time 
ago  at  the  Brynn  Hall  Colliery. 

The  President  said  that  one  important  point  had  not 
receiyed  the  attention  which  it  merited,  namely,  the  proper 
laying  out  of  mines. 

Mr.  Brtham:  Mr.  Wild's  paper  has  very  many  good 
points,  particularly  the  one  to  which  you  have  referred — 
the  system  of  laying  out  a  mine.  That  is  a  very  good  point, 
and  I  think  it  is  very  likely  that  such  a  system  as  Mr.  Wild 
advocates — the  long  wall — ^if  generally  adopted,  would  be 
found  to  be  very  good  indeed,  and  a  means,  perhaps,  of 
lessening  the  number  of  colliery  disasters.  Not  that  we 
shall  ever  do  away  with  these  altogether :  I  am  afraid  we 
shall  not ;  still  by  a  good  system  of  working  we  may  lessen 
them. 

The  President  said  he  had  seen  great  diversity  in  the  lay- 
ing out  of  mines.  Some  were  laid  out  on  a  villainously  bad 
system,  others  on  a  system  which  left  no  room  for  improve- 
ment ;  and  there  was  no  doubt  that  in  ventilation  and  the 
avoidance  of  sudden  issues  of  gas,  everything  was  simplified 
by  the  proper  laying  out  of  the  mine. 

Mr.  HiGSON  :  I  believe  you  will  have  issues  of  gas  inde- 
pendent of  the  system  of  laying  out  mines. 


sss 

Mr.  BRYHA3I :   Are  you  referring  now  ^ueutng 
system  being  preferable  to  the  pillar  and  stalL 

The  President :   No;   I  am  not   giving   preference  to 
either.     They  are  both  useful  in  their  way. 

In  closing  the  discussion,  the  President  said ;  The  paper 
read  by  Mr.  Wild  is  on  a  very  Important  eubject,  embracing 
a  large  number  of  points,  and  I  would  rather  not  attempt  a 
reriew  of  the  whole  of  those  points.  Mr.  Wild  is  a  mina 
manager  of  great  experience ;  I  have  known  him  personally 
for  a  quarter  of  a  century ;  and  I  know  he  has  had  to  do 
with  very  fiery  mines — mines  where  there  have  been  large 
issues  of  gas — and  any  observation,  therefore,  coming  from 
him  should  be  listened  to  and  considered  as  the  result,  as  I 
have  no  doubt  they  are,  of  quiet  observations,  from  which 
some  good  is  to  be  elicited.  Mr.  Wild,  however,  h»' 
apparently  not  had  to  do  with  an  esplosion  where  a  large 
amount  of  force  has  been  exerted.  In  the  first  place,  1m 
aeems  to  doubt  that  the  force  of  an  explosion  is  sufficient 
to  strike  a  man  dead,  without  his  being  blo^vn  against  some- 
thing. Now  these  men,  who,  as  it  were,  are  in  ihe  breach 
of  a  gun  when  an  esplosion  takes  place,  are  subject  to  the  same 
force,  comparatively,  as  is  exerted  in  the  breach  of  a  cannon 
when  it  is  fired.  The  force  mnet  be  exerted  there  to  prodnoe 
the  effects  that  occur  outside.  When  we  find  that  timbei^- 
from  six  to  ten  inch  scantlings  of  sound  pitch  pine — ii 
actually  ripped  to  match-wood  hundreds  of  yards  away 
from  the  seat  of  the  explosion,  ancl  yet  not  moved  from  iti 
place,  being  merely  torn  and  left  there,  Uiere  roust  be  ■ 
force  sufficient  surely  to  annihilate  all  the  tender  conatmo- 
tion  of  which  the  human  frame  is  composed.  I  do  not 
think  there  is  reason  to  doubt  that  death  is  so  produced  is 
the  case  of  many  explosions.  I  have  not  only  seen  mm 
who  have  been  killed  evidently  on  the  spot  where  they  have 
been  at  work,  in  the  case  he  allnded  to,  but  over  and  orcr 
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again  where  they  have  been  strack  dead  simply  by  the 
pressure.  In  the  Unity  Brook  explosion  there  were  many 
such.  Scarcely  a  man  of  them  had  gone  a  yard.  In  the 
Wood  pit  at  Haydock  many  of  the  killed  had  not  moved  an 
inch  from  the  spot  where  they  were  at  work  ;  others  again, 
who  were  out  of  the  blast,  and  had  been  making  their  way 
out,  were  found  lying  suffocated,  lamp  in  hand.  Some  had 
been  blown  to  pieces ;  others  simply  killed  by  the  pressure, 
I  think  there  need  not  be  any  doubt  about  that.  Mr.  Wild 
has  not,  perhaps,  seen  one  of  those  great  explosions  where 
the  force  has  been  so  great,  as  they  do  not  frequently  occur. 
Then,  again,  his  experience  dates  from  far  back  when  many 
of  those  Tory  fiery  mines  in  the  neighbourhood  of  Ashton 
and  Oldham  were  ventilated  with  small  quantities  of  air, 
and  when,  if  an  explosion  did  take  place,  there  was  not 
sufficient  air  to  carry  it  to  the  extreme  parts  of  the  mine. 
With  an  increased  quantity  of  air  you  may  add  greatly  to 
the  health  of  the  miners,  and  decrease  the  deaths  from  con- 
sumption— a  disease,  which,  according  to  a  statement  I  saw 
a  few  days  ago,  is  very  prevalent  amongst  miners — ^but  if 
life  is  prolonged  by  this  increased  ventilation,  then,  even 
though  the  number  of  lives  lost  by  accident  was  as  great  as 
in  the  olden  times — there  would  stiU  be  a  great  gain ;  but 
the  lives  lost  by  explosions  now  are  nothing  like  what  they 
were  in  the  olden  times.  There  is  no  more  pleasing  study 
to  a  person  who  takes  an  interest  in  mining  than  to  go  care- 
fully over  the  accidents  as  they  have  taken  place.  Speaking 
generally,  colliery  accidents  have  been  diminished.  A 
steady  diminution  has  been  going  on  during  the  last  25 
years,  and  in  nothing  is  this  more  marked  than  in  explosions. 
The  actual  number  of  explosions  has  greatly  decreased,  but 
the  way  to  look  at  the  matter  fairly  is  to  inquire  what  is  the 
number  of  lives  lost  in  proportion  to  the  number  employed? 
It  will  be  found  that  there  has  been  a  diminution,  not  only 
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are  there  actually  fever  explosions  but  the  deaths  ia 
tion  to  the  number  employed  are  also  fewer.  There  had  beoi 
an  increase  under  some  hfode.  A  remarkable  increase  is 
apparent  in  tho  number  of  colliery  accidents  by  trams  and 
tuba.  But  that  is  easily  osplained.  Twenty-five  years  ago 
colliery  vork  with  trams  and  tubs  was  the  exception ;  there 
hardly  was  such  a  thing.  It  was  the  old  basket  and  sled, 
generally  without  wheels,  which  men,  and  even  women, 
dragged  with  a  rope  through  the  legs.  Under  the  head  of 
trams  and  tubs,  then,  there  was  a  serious  increase.  la  shafta, 
notwithstanding  the  great  velocity  with  which  men  were 
raised  and  lowered,  the  accidents  had  fallen  off  amazinglj 
in  proportion  to  the  number  of  men  employed.  There  are 
DOW  so  many  kind  friends  in  the  form  of  critica,  and  bodm 
of  them  very  severe  critica,  looking  after  the  miner,  that 
every  one  concerned  in  colliery  work  is  spurred  on  to  meir 
Bures  of  increased  safety.  I  think,  what  with  the  legislation 
which  has  taken  place,  and  the  keen  eye  of  the  public  upta 
all  mining  matters,  attention  to  safety  has  been  brought 
now  almost  to  the  extreme  point ;  in  &ct,  to  carry  it  much 
further  would  be  almost  to  make  life  miserable ;  people 
would  be  always  miserable  on  this  question  of  safety. 

Mr.  Grebnwell  :  Colliery  Managers,  at  least. 

The  President  :  This  point  of  the  proper  laying  out  of 
mines  I  consider  the  most  important  of  all,  and  I  am  aony 
to  observe  that  in  spite  of  the  warnings  of  recent  years,  acme 
who  have  followed  a  bad  system  have  shown  no  disposition 
to  adopt  any  better  one.  The  mines  are  worked  now  u 
before.  You  may  use  safety  lamps,  you  may  avoid  powder, 
you  may  think  you  are  going  to  get  more  large  coal,  bat 
unless  you  lay  your  mine  out  on  a  proper  system  you  both 
lay  yoorself  open  to  explosion,  and  yon  crush  your  coal,  and 
will  not  get  half  the  quantity  of  large  which  you  would 
otherwise.  The  laying  out  of  mines  is  far  too  little  under* 
stood  and  practised.    In  Lancashire  there  are  plenty  of  ool- 


529 

lieries  well  laid  out,  and  yet  many  whicli  are  badly  laid  out, 
and  they  continue  on  the  same  old  system  as  though  a  good 
system  were  imknown.     The  long  series  of  questions  put  to 
Mr.  Wild  about  the  goaf  giving  off  gas  admit,  I  think,  of 
a  simple  answer.    You  cannot  get  up  this  increased  vacuum 
without  at  first  sucking  out  a  large  quantity  of  gas,  and  the 
only  remedy  for  that,  if  needed,  would  be  to  reverse  the  ven- 
tilation— that  is,  make  the  air  blow  instead  of  stick.    There  is 
just  one  other  point :  that  is,  the  pouring  water  down  a  pit 
after  an  explosion  in  order  to  create  a  current.    Immediately 
after  an  explosion,  no  one  can  tell  until  he  gets  into  the 
mine  what  the  state  of  things  is  there.     The  mine  may  be 
on  fire  ;   there  may  be  a  large  quantity  of  fire-damp ;   and 
to  pour  water  down   the   first  thing  might   be   attended 
with   great  danger   in   sending  that   gas  mixed  with  air 
on   to   the   fire.      In   clearing  out  a  mine — ^for   instance, 
in  the  Wood  Pit — the  furnaces  had  to  be  put  out,  being 
too  near  the   return  air,   and   steam  jets   substituted,  and 
ultimately  fans.      Water  was  poured  down  partly  in   a 
continuous  stream,  and  partly  by  the  upsetting  of  barrels, 
and  each  barrel  of  water  upset  caused  a  very  perceptible 
and  sudden  increase  in  the  air  current.     I  thought  it  was 
a  dangerous   increase,   so  dangerous  that  I   asked  that  it 
might  be  stopped,  lest  it  should  force  the  flame  through  the 
safety-lamps.     Notwithstanding  the  distrust  of  the  Davy- 
lamp,  it  is  amazing  to  see  how  you  have  to  trust  your  lives 
to  it  at  times.     In  clearing  out  a  mine  like  that,  you  cannot 
get  to  the  far  end  of  the  workings,  and  put  brattice  up 
without  some  flashes  in  your  lamp.    But  all  sudden  blasts  of 
air  and  gas  should  be  avoided,  as  concussion  might  easily 
send   flame  through  the  gauze;    and  it  was  to  avoid  the 
flame  being  sent  through  the  gauze,  at  the  Wood  Pit,  that 
we  had  the  upsetting  of  barrels  stopped.     You  have  to  be 
on  the  alert  at  every  point  in  dealing  with  a  mine  where 
there  is  gas. 
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